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TNTRODUCTION 
T he ob j e ct ives of th is thesis are b oth the 
furthe r developme nt of a metho d fo r the analys is  of fre e  
sugars i n  pl ant t is sues , and als o the app l i cat i on of th is 
metho d to t issues fr om vas cular plants . The  appl ied 
metho do logy is often  refe r red  to  as the PAAN and/o r  PAKO 
pr ocedure , an ac ronym fo r �e rac etylat ed  aldononit ri le and 
/o r �e racetylated  ke t o oxime de rivat i ves . The two st ep 
de rivat izat ion  p r o ce dure ( oxime fo rmat ion fo llowed by 
pe rac e tylat i on ) wi l l  als o  c onve rt polyo ls and non- r e duc ing 
sugar s  to  the i r  c o r respond ing peracetylated c ompounds . 
de cade the re has b een ext ensi ve Du ring the pas t  
appli cat i on of th is pr oc�dure , and als o developme nt of 
var i ous aspec ts of the appr oach . A recent Maste r's thes is 
from S D SU ,  that of S tacy L .  Unruh ( 1 ) i nvest igat e d  both 
c ond i t i ons for  free sugars in p lant t is sues , and also  
revi ewe d ( r elat ive to  1 983 ) the l i t e rature  in  th is  area . 
The fo llowing l i t e rature review was complete d  du r ing the 
summe r of 1 986 ; it is bas ed on Un ruh's l i te rature sear ch , 
and emphasizes  developments dur ing the 1 98 1 - 1 986 pe r io d . 
Wel l defined c ond i t i ons 
of the p r i nc iple free  
D-fruct ose , and suc r ose ) 
fo r the effect ive quant itat i on 
sugars ( D-gluc ose , s or b i to l, 
found in plant t issues we re a 
maj or  c ont r ibut ion of Unruh's study. ( T o simpl ify the 
fo llowing d i s cus s i o n ,  the polyol , s o rb i t o l  i s  r efe r re d  to  
as  a " sugar " ) . 
The d e velopme ntal ob j ect i ves  of this  s tudy ar e as 
fo llows . Firstly ,  to further invest igat e the methodology 
of Unruh fo r the analyses  of sugars . Sec ondly , t o  employ 
d ig ital i nt ergrat i on refe renced to  an i nt e r nal s tandard 
fo r quant i tat i on .  T h i rd ly ,  t o  p re ci s ely es tab l i sh the 
detect or  re sp ons es fo r the maj o r  fre� sugars  p r e s e nt in 
plant t is sues . Fourthly , to  extend the PAAN/ PAKO method 
( i n  t e rms of gas chromatograph i c , GC , and mass spect ral , 
MS , analyses ) t o  complex glycos ides  and d is ac char ides . 
The appl i cat i on o b j e ct ive has been to  use  the PAAN/PAKO 
p r o c e dures t o  analyz e t is sue from vas cular plant s , 
e sp e c ially mate rial from -st ems and leaves mate rial 
wh i ch had res is ted the procedure d eve loped  by Unruh . 
P reliminary repo rts of thes e studies have been  p res ent ed 
at the M i dwes t Re gi onal me et ings of the Ame r i can C hemi cal 
S o c ie ty in  1 984 at Sp ringfi e ld , Mo . ( 2 ) , and in 1 985 at 
C arbondale , Il . ( 3 ,  4 ) . 
Early d evelopments of the PAAN/PAKO method  have 
been d i s cus sed  by Unruh ( 1 ) . Impo rt ant PAAN/PAKO pape rs 
i nc lude , the fi rs t  GC appli cat i on by Lance  and J one s (5), 
the first  MS app l i cat ion by Dmi t riev et al . ( 6 ) , and the 
extens i on of the _ GC/MS procedure t o  both ald o s es and 
ket oses  by S eymour et  al . ( 7 , 8 ) . The PAAN/PAKO p r o c edure 
2 
has two maj o r  areas of  appl icat ion; the f i rst  area be ing 
3 
the analys i s  of free non-a-methylated sugars -- whi ch is 
of c ent ral int e rest  in th is the s i s . The s e c ond ar ea of 
appl i cat ion is  the analys i s  of part ial ly a-me thylat ed 
sac char ides  wh i ch ar i s e  in the hyd r osylat es from p e r­
methylat i o n  stud i e s  fo r the st ructu ral d et erminat i on of 
p o lysac char i d e s . Howeve r ,  this  se cond area is of inte rest 
to the study he re i n  with regard to advances  in p r o c e dures 
fo r the d e r i vat izat i on t e chnique . Imp o rt ant ly ,  i t  should 
be noted that in  the following l i t e rature  survey 
r eference i s  not made to : ( a ) the c omb ined PAAN/PAKO 
.pro c e dure t o  s imultane ous ly survey ket os es and ald oses , 
and ( b ) the us e of the PAAN}PAKa procedu r e  fo r the d i re ct 
analys is  of any free sugars from plant t is sue . In 
add it ion , only l imited  refe rences have b e e n  found t o  the 
use of  an int e rnal standard and/ or  fo r area i nt egrat ion 
fo r purpos e s  of quant itat ion of sugars fo r these 
d e r i vat ives or  for oth e r  systems . 
The us e of  PAAN d e r i vat i ves  fo r i d ent i f ic at i on and/or 
quant itat i on of non-0-methylat ed sac char i d e s . 
The PAAN p r o cedur e has b een employed fo r analys i s  
of sugar c ompos it i on o f  c ompounds i s o lat ed from p lant s, 
for example , Be cchi  et al . ( 9 ) f i r s t  i s olat e d  a new 
saponin  from C h rysanthellum procumbus , hyd r o lyzed  th is 
compound , and finally used the PAAN procedure to  i d ent ify 
D-glucos e , D-xylos e , and L- rhamnose as the c arb ohyd rate 
c omponents . Belcher et al . ( 1 0 ) analyz e d  the t otal  sugar 
c ontent of the " go s sypo l "  glands in c o tton anthe r s  ( after  
hyd ro lys is ) with the  PAAN pro c edure , and Ni c o ll ie r  et al . 
( 1 1 ,  1 2) employed the PAAN procedure  t o  estab l i sh the 
c omponent sugars ( gluc ose  and rhamno s e ) in two new 
flav i no ids whi ch had b e en ext racted from the flowers  of 
white  clover ( Me l il otus alba ) . Schultz e t  al . ( 1 3 ) used 
the PAAN me tho d  to mon it o r  sugars ari s i ng f r om e nzymat i c  
hyd rolys i s  of  s te am explos ion p roduc ts o f  hemi c e llulos es 
from a variety of s ources ( hard wood , r i c e  hull s ,  et c . ) . 
Hed in et al . ( 1 4 ) employe d �he P AAN p r oc e dure  to examine 
the chemi cal compos it ion of who rl t issue frbm s t rains  of 
c orn ( Z ea mays L . ) wh i ch we re e ither res i s t ant o r  non-
r e s istant t o  the s outhwes t ern c o rn b o re r .  I n  a s imilar 
manne r ,  Man ingat and Jul i ano ( 1 5 ) use d  the PAAN p r o c e dure 
t o  est ab l i s h  th e c omponent sugars in the c e l l  walls . of 
r ic e  b ran .  In all the ab ove stud i es , non-0-methylat ed 
sugars from p lant s ources  were analyzed , but al l of these 
sugars ar ose  fr om hyd rosylates of large r mo lecules  wh i ch 
had b e en separat e d  from the plant t is sue -- n o t  from f ree 
sugars , in the sens e of ext ract ing component s from plant 
t i s sue wi thout the b r e aking of  covalent b o nds . A lthough 
4 
Man ingat and Juli ano  (15) extens ively employ e d  the PAAN 
p r o c e dure fo r analys is of sugars from hyd rosylat e s , in  
the same art ic le they employed wet- chem i c al means to  
analyze fo r the  fre e  sugar c ont e nt of the  o r iginal 
t i s sues . Both Wh itfield  et al . ( 1 6 ) and P r ingle et  al . 
( 1 7) us ed the PAAN method fo r analys is of the c ompos i t i on 
of  exopolys ac char ides  and l ipopolysac char i des  from 
mi c r ob ial st rai ns ( respe ct ively ,  Santhomonas c ampes t ris 
and P s eudomonas fluo res c ens ) . Gage et  al . ( 1 8 ) mad e  us e 
of a c omb inat i on of P-3 1 Nuclear Magnet i c  Res o nance  ( NMR) 
and the PAAN p r oc e dure to  i d ent ify a phosph omannan i n  the 
cell  wall of the yeast , Sac char omyces ce revi s i ae . In  all 
c as es thes e sugar analys es we re pe rfo rmed on  hyd rosylates 
of polyme rs wh i ch had been extrac t ed from the natu ral 
s ource . In ad d it ion to the above rep o rts , the PAAN 
p r o c edure has been  appl i ed to  sugars whi ch a r i s e  from 
c ond i t i ons  ( and c o ntaminate d  with impuri t ie s ) that are 
p rofoundly d iffe rent from th os e involved w ith the 
ext rac t s  of natural p ro duct s . Nyhammar et al . ( 1 9 )  used 
PAAN d e r i vat i ves  to  study the products wh i ch aros e i n  the 
Mai llard react ion  thr ough the S t re cke r d egradat i on .  
Shafizad eh and co-wo rke rs rout ine ly emp l oye d the PAk� 
d e r ivat i zat i on p r o c e dure t o  exami ne p r oduc ts  ar i s ing from 
the pyrolys is  of polysac char i d es (20) · and woo d  (2 1, 22). 
5 
In ad d i t i on t o  the above re lat ive ly c onvent i onal 
sugar analyse s ,  there  are s eve ral rep o rt s  wh i ch emp loy 
the PAAN method  in c onjunct i on with GC-MS for  i d ent i fying 
new sac char i d e s  ( in each cas e as res i dues whi ch were 
o ri gi nally i nc o rp o rat e d  int o polyme rs ) from natural 
s ourc es-- an aspect  of the PAAN proc e dure wh i ch has great 
pot ent ial . Jacks on et al . ( 23 , 2 4 ) rep o rt e d  f i nd i ng the 
3-0-methyl-L- rhamnose res i due in  hyd rosylates  o f  ext ra-
c e l lular and c ap sular polyme rs from m i c r ob ial s t ra i ns o f  
Rh i z o b ium . Thi s  naturally o c curr ing 0-methylat e d  sugar 
is  ind epe ndent of the b elow d i s cus sed  0-methyl sacchar i de 
d e r iiat ives , wh i ch are products of the synthe t i c  p e r­
me thylat i on p r o c es s . S imi larly ,  Mort and Baue r ( 2 5, 2 6 ) 
i dent ified the 4- 0-methyl�galactose  res i due in  ext ra-
c e llular and capsular polys ac char i de s  o f  Rh izob ium 
japo n i cum . Romanowska et al . ( 27) i d ent if i ed 4- d e oxy-D­
arab i nohexopyrano syl res i dues in a l ipopolysac char i de 
is o lat e d  from a st rain of C it robacte r , and con c lud e d  that 
the o r iginal c ompound was a h omopo lyme r .  Edwards et al . 
( 28 ) i dent ified  i nt race llular mannitol as a pro duct of 
the metabo l i sm  of D-glucose  in Staphyl o c o c cus aureus by 
us e of the PAAN p ro cedure . 
6 
The us e o f  PAAN d e r ivat ives fo r id ent ifi cat i on and/or  
quant itat i on of  0-methylate d  sacchar i d es . 
An effect ive t echnique fo r the s t ructu ral analys is  
of  polysacchar i d es is the pe rmethylat i on meth o d , whi ch 
cons i s t s  of: ( a ) is olat ing the pure p o lyme r ,  ( b ) 
methylat ing all free hyd roxyl gr oups of  the po lyme r ,  ( c ) 
hyd rolyz ing the polyme r t o  its c o mponent mon ome r ic 
res i due s , and ( d ) i dent i fy ing and quant itat ing these 
res i dues  in  t e rms of  type of sugar and p o s it i on of 
0-me thylat i on . The PAAN p r o c e dure has been  ext ens i vely 
used  fo r the f inal s tep ( step " d " ) of  pe rme thylat ion 
analys es . Smi l ey e t  al . ( 29 ) employe d pe rmethylat i on and 
the PAAN me thod t o  establish  the degree  of p o lyme r iz at i on 
of spec ific  i s omalt o- ol igosac charides . Bhatnagar et  al . 
( 3 0 ) employed the PAAN pe rmethylat ion app r oach fo r the 
st ruc tural dete rminat i on of a new d ext ran wh i ch arose 
from a bac t e r i al s t rain ( Leucomostoc  me s ente ro i des ) . The 
more chall angi ng analys es of the het e r osacchar i d es wh i ch 
have employed PAAN pe rmethylat i on t e chni ques i nclude : 
car rageenan ( D-galat os e ,  3 , 6-anhyd r o-D-galatose ) by 
r�atulewi c z  and C e rez o ( 3 1 ) '· xanthan gum ( D-mannose and 
D-glucur oni c  ac i d ) by Cadmus et al . ( 3 2 ) , and an arab ino­
galact an from Lar ix s ib i r i ca by Karacs onyi et  al . ( 3 3 ) . 
7 
Re c ent mo d i f i cat i ons and obse rvat ions of the d e r i vat iza­
t i on c ond i t i ons o f  the PAAN procedure . 
Both the ox ime-format i on step and ( e spe c i al ly ) the 
pe rac etylat i o n  s tep of the PAAN p ro ce dure are  c at alyz ed 
by pyr i d ine, o r  pyr id ine- l ike compounds - - the refo re, the 
pyr id ine acts as b oth solvent and cat alys t . Stud i es by 
C onne rs and c o-worke rs ( 3 4 , 35) d emons t rat e d  that b oth 
N-methyl imidaz o le ( NMIM, als o  known as 1 -methyl imi dazo le ) 
and 4-d ime thylam inopyr id ine 
incr ease the react i on rate 
( DMAP ) c ould e ffec t i vely 
( relative t o  py r i d ine ) of 
ac etylat ions of hyd roxy and po ly-hyd r oxy c ompounds . 
McG inni s (36, 3 7 ) employed NrJIIM as b oth a s o lvent and 
catalyst ( total ly replac i ng the pyrid ine ) t o  ach i eve much 
sho rte r total react i on t imes fo r the two st ep s  ( 1 0  min 
re lat ive to  40  m in for pyrid ine ) , but w i th the pot ent i al 
p roblem of add i t i onal mino r GC comp onents ( apparent ly the 
s id e  p roduct s  o f  the sacchar ides ) app ear ing near  th e 
s ol ve nt fr ont of the ch romatogram .  Mo re re c e nt ly ,  
Gue r rant and Mos s  ( 3 8 ) have employed the s o l i d  DMAP as . a 
c atalyst in a py r i d ine/me thano l solvent sys t em for  the 
PAAN p r oc edure . I n  an ad d i tional var iat i on on the 
gene ral PAAN appr oach , Fanta et al . ( 3 9 ) employed 
e thyl acetate , rather than chlo rofo rm ,  in the ext ract i on 
p r o c e dure . 
quant itat ive 
Furneaux 
rat io ,  
(40 ) 
of 
invest igated the identity, and 
s id e-products fr om the PAAN 
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d e r ivat izat io n  procedure . By phys i cal i s olat i on,  via 
thin-lay e r  chromat ography, Furneaux c onclud e d  that a 
typ i c al hexose  ( he stud i e d  D-gluc ose  and D-galact os e ) 
y i e lded  about 70% o f  the PAAN produc t and al s o  p r oduc ed a 
30% yi eld of othe r p r o duc ts -- es s ent ially the alpha and 
beta  i s ome rs of  the py ranos ide  and/ or  furanos id e  p roduc ts 
of N-hyd roxy-D-g lucosamine hexaac etat es . T he ex i s t ence 
( o r  pot ent i al ex i s tanc e ) of _thes e s id e- p r oduc t s  have 
obvi ous impl i c at i ons fo r the quant itat ive aspec ts of the 
PAAN p ro c edure . 
Rec ent mod if i cat ions i n  chromatographi c  c ond i t i ons for 
the PAAN Ero c e dure . 
The  o r iginal GC c ondit i ons fo r PA�� d e r i vat i ves 
involve d re lat i vely-polar l iqui d  phas e s  ( e . g . , butae d i ol 
suc c inate ) fo r interact i on with the les s- po lar, part ially 
a-methylat ed  pro ducts from pe rmethylat i on .  Lat e r, l ess­
polar l i qu i d  phas e s  with higher b o il i ng range s ( 7 ,  8 ) 
allowed d e r ivat i ve s  of the non- a�methylat ed sugars and 
c o rrespond ing d is ac char ides t o  be  ch romat ographed - OV-1 7 
( a s i li cone p o lyme r ) is a typ ical exampl e of such a l iqu id 
phas e . Recently , aV-225  packed c olumns have b e e n  used to 
separate PAAN d e r ivat ives of part i al ly a-me thylat ed 
galac t os e s  ( 4 1 ) and gluc os es ( 42 ) . Kostenko and S e nchenko 
( 43 ) s tud i ed P FMS-6 ( apparent ly a Russ ian var iant of 
9 
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OV-225 ) , but found i t  t o  be  infer i o r  t o  OV-2 2 5  in  t h is 
c ase  b oth l iqu id  phas es we re employed fo r th e non-a­
me thylated  de r i vat i ve s . Cap i l lary- c o lumn separat i o ns by 
GC have been p e r fo rmed by Freer  ( 44 ) with d eac t i vated  
Carbowax 20M ,  by  Gue r rant and Moss  ( 38 ) w it h  OV- 1 , and by 
Wi l l i s  ( 45 ) with  OV- 1 and SP-2 1 00-- in each c as e  on coat ed 
fus ed-s il i ca c o lumns . 
Analogues and ext ens ions o f  the PAAN/PAKO d e r ivat i z at i ons 
pro cedure . 
The maj o r  featur es of the PAAN d er ivat i ves  are  ( a ) 
the n it ri le gr oup wh i ch replaces the o r i gi nal ald ehyd e 
group of the sugar , and ( b ) the 0- acetyl g r oups which 
replace the o r ig inal hyd roxy groups o f  the sugar . Seve ral 
var iat i ons of this  bas i c  d e r ivat izat i o n ,  followed by 
chr omat ography of the product , have be en rep o rte d . 
D e r ivat ives c o rrespond ing t o  the PAAN c ompound s , but with 
the n it r i le group replaced by the 0-methyl ox ime group , 
we re  employed fo r GC analys is  by Mawhinney et  al . (46). 
Thomps on ( 47) emp loye d analogues with the n i t r i l e  gr oups 
subst ituted  w i th the benzyloxime and the  ace tyl groups 
replac ed b enz oyl groups with s eparat ion by h i gh­
p res sure l i quid  ch romat ography . D ' Acco ro  and Th i e l  (48) 
retained the nit -rile group , but replac ed  th e ac etyl 
gr oups with benz oyl gr oups . S chweer  ( 49 ) replace d  the 
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n i t r i le g roup with an 0-butyloxime group , and the  acetate 
groups with t ri fluo roacetat e  groups . Shaban et  al . ( 5 0) 
replac ed  the nit r i le gr oup with a 1 -hyd raz inophthalaz ine 
group , and retained the acetyl groups . Howeve r ,  ( a) 
t he se  var i ous d e r i vat i ves have not been  employe d fo r fre e 
sugar analys is  (and rarely for  any fo rm of  s ac char ide 
analys is),  and ( b )  the re is no claim, no r any indi c at ion 
in the  expe r imental p r o cedure , that the s e  d e ri vat i ve s  are 
sup e r io r for GC and/o r GC-MS analys i s  of s ac cha r i d es . 
S eve ral app roaches have been mad e t o  i nco rpo rate 
N- ac etyl-hexosamines and u ronic ac i ds i nto th e PA.AN 
d e r i vat izat io n  s cheme - c ompounds wh i ch are  int r i ns i cally 
mo re po lar than the neut ral sac char id es , and which 
therefo re p r oduc e d e r i vat ives wh i ch elut e w i th gr eater  
d iffi culty from  the GC columns . Mawh inney e t  al . ( 5 1 ) 
used a comb inat i on of P.AAN d e r ivat ives  ( fo r n e ut ral 
sugars )  and methyloxime acet ates ( for  the ami no suga rs ) 
for a c o o rd i nat e d  analytical appr oach . Turner and 
Cherniak ( 5 2) us ed s omewhat mo re vigo rous PAMf c o nd it ions 
t o  p roduce b oth the c omb ined  neutral and am i no sugars , 
and chr omat ographed them on a s ingle c olumn . Lehrfeld 
(53) employed  a mo d i f i e d  ( p re- reduc t ion ) ald i t o l  acetate 
p r o c e dure and compared thes.e results to a c o nven t i onal 
PA.AN analys is -- the  d i ffe rence in  y i e ld b e tw e e n  the two 
proce dure s was th e d efined at the c ontent of the var i ous 
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pos s ible uroni c a c i ds . 
In summary , the above s e ct i ons i nd i cat e a vigo rous 
d evel opme nt and app l i cati on of both the PAAN p ro ce du re , 
and the inve st igat i ons of analogous  d e r ivat i z at i on 
p r oc edur es . S eve ral features are e vi de nt in th i s  su rvey 
of the l i te rature . F i rstly ,  no p rocedu re has bee n  found 
whi ch is mo re effect ive than the PAAN/PAKO p ro c e du re for 
sugar analys i s . 
the PAAN/PAKO 
d is ac char id es . 
S e condly , the re are few appl i cat i o ns o f  
p r oc edure for analys is o f  ke t o s es and/o r  
Thi rdly ,  t he PAAN/PAKO p ro ce dure  i s  not 
emp loyed fo r the d i rect  analys is of free s ac char id es from 
plant t is sues . And fourthly , the employment of inte rnal 
s tand ards and/o r  elec t r on i c  integrat i on i s  rare fo r any 
fo rm of q_uant i tat i on of  sac charides  v i a  c h romat o g raphic 
analys is . 
a.:....._ _ --- -
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A CCURACY AND PREC I S I ON  OF  THE QUANTITAT IVE METH OD OLOGY 
The s tud i es within thi s  chapt e r  are an ext e ns i on 
of those  rep o r t ed in  the Maste r ' s  Thes is  of S t acy Unruh 
(1 ) ,  and are als o b ased  upon graduate res earch stud ies  
d o ne at SDSU by R .  P i etz ( 6 4 ) . The  maj o r  i nt e re s t  in  th is 
chapte r is the e s tabl ishment of the leve l  of c onfi denc e 
for the fi nal nume r i cal value s �ep o rt ed by the i nt e grat o r 
( pr o c es s ing the s ignal from a GC int rument ) in relat i on­
sh ip t o  the ac tual o r iginal wet-weight p e r centage s of 
fre e  s ac cha r id es within a plant t is sue und e r  s tudy . The 
s tud i es repo rt ed herein  d i ffe r from tho s e  of Un ruh ( 1) 
i ns ofar as ( a ) all s tud i es we re done und e r  a mo r e  uni form 
ext ract i on ,  d e r ivat izat ion , and chromat ographic p r o cedure 
( pr in ciply bas ed up on Un ruh ' s  f inal opt imized  c on d i t i ons ) 
and ( b ) the us e of s oph i s t icated elect roni c i nt egrat i on 
for  pr oces s i ng the output of the flame 
. d e t e c t o r  ( FID ) of the GC inst rume nt . 
i on i z at ion 
The o ri ginal quant itat ion s tud i e s  of fr ee sugars 
in  plant t is sue s by Unruh ( 1 ) i nd i cat ed that the PAAN/PAKO 
pro cedu re was rep roduc ible t o  within  a few per cent of th e 
sugar c ont ent p r es ent . Thes e s tud i e s  we re bas ed  b oth  upon 
r epet it ive i nj ect i ons of the same de r i vat i zat i on mixture , 
and als o upo n  i nj ect ions fr om paral le l de r ivat izat i ons of 
the s ame s tart ing ext ract sample . Unruh al s o  es tabl ished 
427623 
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that under  the cur rently empl oyed pro c e dure  a reg i on of 
l i near ity exi s te d  between sample inj e c t ion s i z e  and 
ch romatographi c  p eak- area fo r s amples in the 1 . 0  ug t o  20 
ug s i z e . El e c t r on i c  int egrat ion was not  availab le wh en 
Un ruh's ( 1 ) s tud i e s  s tart ed , and the o r igi nal quant it at i on 
s tudi es we re made by cutt ing and we igh i ng of  pe ak-areas 
from s t r ip- chart re co rde rs . Obvi ously ,  such labo r 
inte ns ive ope rat i ons all owed less extens ive stud i es t o  be 
d one than are n ow feas ible w ith ele ct ron i c  i nt eg rat i on .  
Lat e r  i n  Unruh's s tudy an early-model  d ig i t al int egrato r  
( a  Var ian CDS 1 1 1 ) was use d , but ext en s i ve quant i tat i on 
s tud i es  we re  not pe rforme d w i th that i ns t rument . R . P i etz  
( 64) repro du ce d  c e rtain aspe cts  of  Unruh ' s quan t i tat i on 
s tud i es o f  the PAAN/PMCO p rGce du re us ing m o d e r n  rec o r d i ng 
integrat o rs ( a  Hewlett-Packard mo del 3 380 , a Spe ct ra­
Phys i cs mo d e l  S P4 27 0  and a Varian V is ta 4 0 1  sys tem) .  The 
quant it at ion aspects  of P i etz ' s  ( 64) res earch p r ove d 
frus t rat ing -- although the re cording i nt egrato rs gr eatly 
impr oved th e e as e  of data p r o cess ing , the repro du c ibi lity 
o f  r epet itive inj ect i ons of the same sample was b ad , with 
devi at i ons of up to 30% in  reported  peak- area . Ext ens i ve 
mo d ificat ions of  the d efault p r ogram ( fo r  packe d c olumn 
GC analys es ) fai led  t o  improve the repr oduc ib il ity of the 
i nt egrat ion  of tho s e  chromat ographi c peaks . T he o r igin 
of that i r rep r oduc ib ility is not cur rent ly un de rs tood , 
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but this s tudy pr esents a s olut ion which e l iminat es  the 
problem . The s o lut ion s imply cons is ted  of changi ng but a 
s ingle paramet e r  of  the chromat ograph ic p r ogram 
inc reas i ng the t empe rature pr ogram from 1 0°C/min to 
20°C/mi n . Th i s  tempe rature- pr ogram inc reas e  resul t e d  in 
l it tle loss of peak reso lut ion,  sho rt ened  the t ime fo r 
e ach chr omatogram by t en minute s ,  and was re spon s ible for 
the c l o s e  agre ement of the fo llowing d at a  d eal ing wi th 
rep ro duci b i l i ty of repet i t i ve in j e ct i ons . The  fol l owing 
s tud ies  the re fo re c omb ine : ( a) the bas i c  analyt i cal 
p ro ce du re of Unruh , ( b )  s eve ral techni cal mod if icat i ons 
fo r eas e  o f  sampl e man ipulat ion ( desc r ibe d i n  App endi x A), 
( c )  the fast e r  GC tempe rature p rogram ,  and ( d) the  us e of 
r e c o r di ng integrat ors  for  eas e of data man ipulat i on and 
s t o r age . 
This  s tudy is  h ighly dependent upon the us e of 
i nt e rnal s tand ards  and upon  the us e of well- de fi ne d ,  
repr oduc ible react i on cond i t ions . The fnte rnal s t andard 
allows co nvenie nce of n ot requ i r ing p re cisi on in the 
chl oroform/wat e r  ext ract ion steps and/o r i n  th e injecti on 
pr ocedure , and als o p ro vi des  for automat i c  c ompensat ion 
should the de r i vat i z at i on s t eps not be comp lete. In 
fact , i t  is  ce rta i n  that the derivat iz at ion st eps are not 
quant itat ive f o r  the following reasons . F i rstly, non­
inte rfe r ing peaks of minor side-pr oduc ts f r om the 
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d e r i vat i z at i on of aldoses  are seen in the chr omat ograms . 
S e c ondly ,  th is  lack of total react i on has b e en ob s e rved 
and d is cuss ed in the  l it e rature ( 40 ) . T h i r d ly ,  when based  
upon the or iginal amount of  start ing mate r ial , the 
chromatographi c peaks fo r der ivat ives o f  aldo s es and 
ke t os e s  have FID d et e ct or- r espons es that are d is t inctly 
smaller  than th o s e  for the corresp on d i ng pe race tylat ed 
po lyalcohols ( e . g . , the d e r ivat ive of D-gluc o s e  vs. the 
d e r ivat ive o f  s o rb i tol -- s ee Append ix B) . It i s  e as iest 
t o  rat i onal ize the ab o ve l ow dete ct o r-res pons e for  the 
PAAN/PAKO d e r i vat i ve s  in t e rms of the fo rmat i on of s id e-
products whi ch d o  not appear und er  our chr omatograph ic 
cond it ions . Als o ,  it  is  impo rtant to r ec ogni z e  that four 
.. 
react ions ar e involve d  fo r the quant itat i on of  any sugar 
when an inte rnal s t andard is employed .  T he f i rs t  two 
reac t i ons o ccur in the cal ib rat i on solut i on ,  the se  be ing 
( A )  the d er ivat izat ion  of a known quant ity o f  a r e fe renc e 
compound , and ( B) the d e r i vat izat i on of  a known quant i ty 
of  the sugar und e r  study . The sec ond two reac t i ons o ccur 
in the s o lut i on of the unknown , these  be ing ( C )  the 
de r ivat izat i on of anothe r known quant i ty of the r eference 
c ompound , and ( D )  the d e r ivat izat i on of the  unknown 
quant i ty of the sugar und e r  s tudy . I f  t he c o nd it ions 
( react i on ,  ext raction , and chromat ograph ic ) are th e s ame 
for the two r eact ion s equences , then the re lat i onsh ip 
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ma j o r  p ot en t i al free-sugar cons t ituents in plant t is sues , 
and als o  are r epres entat ives of the maj o r  types  o f  fre e 
sugars to b e  studi e d , that is : aldos es , polyalc oh o ls , 
ket os e s , and non- reduc i ng d i ss acchar ides . The ret ent ion 
time s  and de t e ct or re sponses of the se  and analogous 
s ac char ide s  ( whe n analyzed und er  cond it i ons d e sc r ibed i n  
Appendix A )  a r e  li sted i n  Appe ndix B .  
The us e o f  the PAAN d e r ivat ive o f  L- rhamn o s e  was 
continued from Unruh's ( 1) study . L- rhamn os e  has the 
p o t ent ial pr oblem of  p roducing a minor  by-pr o duct i n  the 
s o rb itol de r i vat i ve chromatographic  region .  Howe ve r ,  
L- rhamnos e di d s e rve as a us eful refe rence i n  Unruh's ( 1 ) 
s tud ies , ·has the advantage of  being a t rue sugar) and 
the re fo re , sh ould und e rgo the same type o f  react i o n  ( o r 
i nc ompl et e reac t i o n )  as the unknown sugars . In e ssen ce ,  
the exi stan ce o f  th is peak in each d ete rminat ion p rovides  
pos itive evidence  that b o th steps of  the de r i vatizati on 
p ro cedure p ro c e e de d  c o r rectly .  
The t e rm "percent reproduc ib il ity " employed in 
this  s tudy refe rs t o  the variat i on in th e a rea c ount of a 
chromatographi c  p eak und er  c ons id e ration ( e . g . , that peak 
r ep resent ing D-gluco se ) relative to the· area count of  the 
peak representing the i nternal standar d ( i . e . , the peak 
repr es ent i ng L-rhamno se ) . The quant itation  studi es be low 
wer e ach ieve d  by varying th e c oncentration of D- rhamnose  
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s o  that a 3 . 0 uL inj ect i on of  chlo rofo rm ext rac t  would 
c o r r espond to 2 . 2  ugm of L- rhamnos e fr om the o r iginal 
d e r ivat izat i o n ,  o r  a 4 . 4 ugm i nj ect i on of the PAAN 
d e r i vat ive of L-rhamnose ( on the assumpt i o n  that all of 
the d e r ivat iz e d  p r oduc t  p roduced the GC  pe ak ) . T he 
actual s ize  of the i nt e rnal standard peak i s  not no rmally 
rep o rt e d , and o nc e  the l i near ity of the unknown p eak ( o r  
peaks ) is  estab l i shed , t h e  li near ity of  t h e  unknown to  
var i ance  in the  r efe rence peak can b e  asswned t o  be t rue . 
Ne ve rtheless , fo r the maj or ity of the d et e rm inat i ons of 
unknowns in the  fo llowing chapt ers  a r e fe renc e p e ak was 
used  whi ch was w ith in  1 0% of the area c ount ( 1  . 9  mi l l i on 
fo r the Var i an Vi sta  sys tem ) us ed fo r the stud i e s  w ith in 
th i s  chapte r .  
A ll dat a  p re s ente d  i n  this  chapt er we re  obta ined 
by emp loying the standard analyt i cal pr o cedure desc r ibed 
in  Append ix A ,  and by pe rfo rming the analys es  with a 
c omb i ned  Var ian Vis ta ( rec or d ing integrat or ) sys t em c oupled 
to  the FID output of a Var ian 6 000 s e r i es  g as- l iqui d  
ch romatograph . Th.e rep roduc ibil ity of this analyt i cal 
procedure was e valuat ed by the following f i ve c r iter ia .  
Fi r�t ly , fo r the  agre ement of areas from peaks with a· 
spe c i fi c  ret ent i on-t ime whi ch result s f rom suc c e s s i ve 
i nj ec t i ons of  the same refe rence solut i on . S e c o nd ly ,  for  
the agr eement o f  pe ak-areas fr o1a pa rall el der i vat i zat i ons 
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o�  th e s ame mixture o�  sugars o�  known c oncent rat i on .  
Th i r dly , �o r the agre ement o �  peak areas from parallel 
d e r ivat izat ions � r om the s ame start ing p lant ext r act . 
Fourthly , �o r the l inear ity o� dete ct o r  re sponse for 
suc cess ive i nje c t i ons when the re�e renc e  p eak are was 
held c onstant , and the amount o� d e r ivat i z e d  unknown 
mate r ial was var i ed . And fi�thly , �or  the l in ea r i ty of 
d et ec t o r  res ons e fr om success ive i�je ct ions , when both 
refe renc e and the sugars t o  be  stud ied  ( from a plant 
t is sue ext ract ) we re  held  c onstant , and add it i o nal amounts 
o� the non- refe renc e suga rs we re ad d e d  t o  the ext rac t . 
Agreement o� repe t i t i ve inje ct i ons o� the same s o lut i on .  
The data in  Table 1 are results p roduced  by 
suc cess ive i nj e ct i ons o� the same ch lo ro�o rm ext ract into  
the Var ian Vis ta system . The react i on c ond it i ons are 
thos e d es cr ib ed in Append ix·A,  but the gene ral p ro ce dure 
d iffe red  s lightly from the no rmal appr oach as �all ows . A 
s i ngle solut i on o� approx imat ely 40rng each o f  L- rhamn os e , 
D-glu cose , s o rb i to l , D- fruc tose  wi th 2 5  mg o f  suc ros e and 
.1 . 40 g hyd roxylamine hyd r o chl o r id e  was d i luted t o  10 . 0mL 
w ith pyr i d i ne . Two hund red  uL of  th i s  s t ock s olut i on was 
then d e r i vat i z e d  fo r the analys is . The r epet i t ive 
inj ect i ons were mad e with a 1 0  uL Ham i lt on sy r i nge 
equippe d with a C haney adapt e r  set to d el iver  3 . 0 uL . 
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Each i nject i on the refo re del ive red appr ox imat ely 4 . 4 ug 
of  L- rhamnos e PAAN de r i vat ive , whi ch p r oduc ed a r e ference 
pe ak of  ab out full-s cale d efle ct ion at 5 1 2 atte nuat ion 
( appr oximat e ly one-thi rd peak he ight o f  the A / D 
c onve rs i on range ) , and an a rea c ount of  about 1 . 8 mi ll ion 
arb i t rary unit s  of the V ista int egrat ing sys t e m .  Th e 
s o rb it o l  peak-ar e a  was no t c o r re ct e d  fo r the cont ri but i on 
of  the s i de-pr o duct of L- rhamno se , as t h i s  was expe ct ed 
to be a c onstant c ontr ibut ion . The sugar values in T able 
1 are hypothe t i cal in  both the sens e  that no actual wet­
we i ght  of a t i s sue eve r ex isted  and due to  the fact that 
both the L-rhamnos e and th e remaining sac char i d es  were  
ob tained fr om the  s ame sto ck so lut i on -- el iminat ing any 
s ou rc e  of e r ro r  ar i s ing f r om s eparat e ad d it i ons o f  two 
so lvents . A rb it rary no rmal izat ion facto rs  we re p r og rammed 
into the compute r ,  whi ch ac counts fo r the un re al i s t i cally 
lar ge "pe r ce nt ages ' ' in the table . Neve rthe l e s s , the 
re c o rd ing i ntegrat o r  responded as if  it we re p r o c es s ing 
real samples , and all c omputati ons wh i ch are no rmally 
.pe rfo rme d fo r a sugar analys is we re pe rfo rme d h e re .  T he 
re sults of each run we re c omputed agains t a c o ns tant 
cal ib rat i on ch r omato gram data s et , of r oughly equal area 
c ount . The result ing dat a  was rounded off as shown in 
Table 1 ,  and b o th the mean and the standard deviat i on  fo r 
each set  of r ep e t it ive value s we re cal culat e d . Fo r these 
smalle r data s et s  the actual value of s 1 was empl oyed  n-
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fo r the standard d e v i at i on . The data in  T ab le 1 agree 
w ith s eve ral independent s imilar stud ies  wh i ch we re made . 
In gene ral , i t  has b e en found that the r ep roduc i b i l i ty of 
peaks repres ent e d  by d e r ivat ives of al dos es ( D-gluc o s e ) 
and ket o s es ( D-fruct os e ) is less than that o f  peaks 
rep re s e nted  by polyal c ohols ( s o rb i tol , and fo r this  
purpo se  sucr os e ) . 
Agre eme nt o f  parallel d e r i vat izat i ons o f  the s ame s tock 
s o lut ion 
The i dent ical s t o ck s olut ion and d e r i vat i z at i on 
method d es c ribe d  in  the above se ct io n we re  then emp l oyed  
fo r five d e r ivat izat ions in paralle l .  These d e r i vat ives  
are des c r ib ed as  R9 , R 1 0 ,  R1 1 ,  R 1 2 ,  and R1 3 i n  T ab l e  2 .  
T he chlo rofo rm ext ract from each de r i vat iz at i on  was 
inject ed in t r ip l i cate , the data rounded  off as sh own in 
_ T ab le 2 ,  and ult imat ely b oth the me an and the s t andard 
d eviat i on ( aga in calculat e d  as sn_1
) we re es tabl ished 
fo r the values of each suga r . I t  can be  s ee n  that the 
agr eeme nt b e tween each t r ipl icat e s et of inje ct i ons is 
about the s ame as that in  T ab le 1 ,  but that the  ove ral l  
agre eme nt fo r the t otal table i s  s omewhat l es s . T h is 
inc reas e  in s tandard deviat ion values is att r ibut ed t o  a 
measure o f  the e r ro r  i nt roduced  dur ing t he derivatization 
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process  wh ich  i s  i nd ependent of othe r e r r ors of 
measurement . 
Agreement o f  parallel  d e r ivat iz at ions of  the � e xt ract 
of a plant t i ssue and opt imum evaporat i on ��nd�t��� for 
that ext ract . 
Th is s t ep inco rporates the find i ngs o f  U nruh ' s  
s tudy wh ich conclud ed that complete and r ep roduc ible 
ext rac t ion of free sugars had o ccur re d und e r  the d ef i ned 
ext rac t i on pro c edure . A s er ies of evap o rat i o n s  were 
perfo rmed in d up l i c at e  on  i d ent ical 0 . 5 mL s amples  o f  th e 
same plant- t i ssue ext ract . Th is extract was obtained  by 
p e r fo rm ing the ext rac t i on me thod ( descr ib e d  i n  Append ix 
A ) five t imes on 1 . 00 gm samples of the petals  fr om a 
Hawtho rne t re e  ( C rat egus sp . ) , c omb i ni ng thes e ext racts , 
m ix ing , and d ilut ing t o  a total of  5 0mL . All e vaporat i ons 
t o ok plac e i n  t eflo n- capp ed 1 3 x 1 00 mm culture tubes , 
wh ich were d i re c tly 
chromat ograph ic  s t eps 
used for the 
( as d e fi ne d  i n  
d e r ivat i z at i on  and 
Appen d ix A). The 
fo llowing evap o rat i on proc edures we re us ed . C ond i tioD A; 
the extrac t was d i rect ly heat ed on a wh i t e  glas s surface 
4 em und e r  a 250 watt heating lamp for 20 mi n .  C ond i t ion 
B: the ext ract was p lac ed in an 85 ° C heat ing b lo ck for 
6 m i nutes , wi th an ai r- fl ow ( and part ial vacuum ) created 
by asp rato r vacuum thr ough a 3 mm  inte rnal d i amet er ou.tlet 
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and a 22 gage 2- inch hypo d e rmic  ne edle as an i nlet . 
C ond i t i on C :  the same as cond it ion B ,  exc ept the block 
t t 7ooc empe ra u re was and 1 4  m inut es we re requ i red . 
Cond it ion D:  the s ame as c o nd it ion B ,  exc ept the  b lock  
temperatur e was 5 0 °C and 22 minutes  were  r equi red . In  
each case the e vapo ration tube  was pe r i odically exami ned 
and the evapo rati ve p r ocess  was s t opped a few 1ninutes 
aft e r  no t rac e of l i qu i d  could be  obs erve d . Each of  the 
abo ve duplic at e  d et e rminat i ons was chromatographe d  i n  
dupli c ate , and t h e  ave rage of  the d et e rm i nat i on s  fo r each 
sacchar ide  repo rt ed in T abl e 3 .  These  d e te rminatio ns ( as 
wet-we ight pe rcentages of the o r iginal pl ant t is sue ) we re 
r eferenced t o  t he a rea c ount  of the peak of th e int e rnal 
standard , and the ave rage c ount of each re fe r ence peak is 
als o s hown in T ab l e  3 ( uni fo rm amount s were  inj e c t e d  with 
a Chaney adapt e r ) . 
Inspec t ion  o f  the data in the fi r st four l i nes  o f  
T ab le 3 fo r reac t i on c ond it ions A thr ough D i nd i c at es 
that ( a ) e vapo rat i on in a heat i ng b l o ck und e r  re duced 
p ressure  is supe r i or  to d i rect IR heat in5, 
marginal d i fferences in wet-vreight p e r ce ntages of suga rs 
are obse rve d wh en th e t empe rature of the heat i ng block 
ranges between 50  to  85 °C ,  and ( c ) 70°C is  a good  
evapo rat i on temp e r atur e ( in t e rms of :  t ime r e qu i red , 
to tal area count fo r the pe ak of the i nt ernal s tand ar d ,  
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and ar ea count s of the  unknown pe aks relat ive to  the 
i nt e rnal s tandard ) . The above the refo re d emons t rat es  the 
abil ity of the de rivat i zat ion sys t em to reiJ r oducibly 
refl ect the amounts of sugars in  the extracts of  plant 
t is sues . Fo r fin�l c o nf i rmat ion of the ab ove find i ngs , 
the abo ve ext ract was rede r i vatized in fou r  p aral le l  
d et e rminat ions und e r  condit ion C ( see  the las t four l i nes 
of T able 3 ) . 
L i near i ty o f  the detect o r  respons e to  peaks o f  sugars 
re lat i ve to a c ons tant refe renc e peak. 
Two s o lut i ons we re d e r ivat ized ac c o rd ing t o  the 
p ro c e du re in Appe nd ix A .  The f i rst  s o lut ion ( s olut i o n  A )  
c ons i st ed o f  L-rhamnos e monohyd rate  ( 4 5 . 5  mg, co r res­
p onding to 4 1 . 0  mg of L- rhamnose ) , and hyd r oxylamine 
hyd r o chlo r id e  ( 3 2 . 2  mg) i n  pyrid ine ( 1 . 5  mL ) . The  s e cond 
s olut ion ( s o lut i on B) cons is ted of D-glucose  ( 4 2 . 1  mg ) , 
s o rbi tol  monohyd rat e ( 3 0 . 7  mg , cor respond i ng t o  27 . 9  mg 
of so rb itol ) , D- fruct ose  (66.3 mg ) , suc ro s e  ( 8 1  . 4  mg ) , 
and hyd r oxylamine hyd r o chlo r i d e  ( 1 7 6 mg) in pyridine ( 1 . 5  
mL) . Chl o r ofo rm ext racts  of the· de r i vatives of the se  
s o lut ions we re  then  c ombine d ,  with Langle vy pipe t t es , to  
p ro du ce in j e ction s o lutio ns which var ied by known ratio s  
of the L- rhamno s e  deri vat ive t o  the d e rivatives o f  the 
four remai ning sac charid es . The result ing linearity plot  
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is  only d epe nd e nt upon ( a ) the ac curacy of  th e d e l i ve ry 
of  the two s t o ck s o lut i o ns and ( b ) the l i near ity of the 
" de t e ct o r  respons e " . In t h i s  s i tuat i on the t erm "d e t e c t or 
resp ons e "  refe rs to  the sum of a var i ety of effe c ts , 
includ i ng c o l umn pe rfo rmance .  
The  c ombi nat ion  of s o lut i ons A and B are as 
fol lows : fo r th e f i rs t  inj ect i on s o lut i on of a d i lut i on 
rat i o  0 . 25 ,  1 00 uL o f  s o lut ion  Ai 25 uL o f  s olut i on B ,  
and 875 uL of  chlo rofo rm we re employed . A s imilar me thod  
was employed for  the  remaining t en s olut i ons , w i th all  
i nj e c t i on s o lut i ons containing 1 00 ul of  s o lut i on A and  a 
final tot al volume of  1 000 uL. The d i lut i on ratios 
( d ef ined  by the uL of s olut i on B d i vi ded by the  1 00 uL of 
s o lut ion A) of the us ed inj ect ion  s o lut i ons ar e l i s te d  i n  
Table 4 .  A C haney adapt e r  was us ed t o  inj e c t  3 . 0 uL of 
the i nj ect i o n  s o lut i on ,  chr omat ographe d i n  t r ip l i cate , 
and the rec o r d i ng iht egrat oF respons e  fo r each peak be ing 
ave raged . T hese  ave raged i ntegrat o r  values  we re  then 
no rmal i zed to inj e c t e d  amounts o f  s ac char i d es -- at a 
c oncent rat i on ( ide nt ified  for  each s ac char ide  in T able 4 ) 
within  the li near respons e re gi on of the chr omat ogram .  
The amount of e ach sugar l i st ed in the  " Inj " c o lumn o f  
Table 4 is  bas e d  upon ( a ) the o r iginal amount of  sugar t o  
be d e r ivat i ze d , and ( b ) th e d ilut ion ratio o f  t h e  one mL 
chl o r ofo r m  ext ract of  the d e r ivat izat i on s olut i on .  The 
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"Res " value i n  T able 4 i s  the normal i zed  re sponse of  th e 
av eraged values of the recording integrat o r  fo r the 
c or re sponding peak . The data in the c olumns of Table 4 
are p lot ted  fo r each saccha r i de , and are shown in  Fi gures 
1 and 2 .  
Figure 4 i llus trat e s  a typ ical chromat ogram fo r 
gene rat ing the d ata present ed in th is  chapte r ,  indi cat i ng 
bot h the stabil ity of  the bas eline , and the s epar at io n  of 
the peaks . The x-axis  r ep resents t ime e laps ed ( s mall 
numbe rs abo ve the peaks , in minut es ) aft e r  th e i nj ec t i on .  
This  spe c ifi c chr omat og ram i s  a replot of the d at a  s et 
st ored · on d i sk , and the refo re ind i cat es th e bas eline 
whi ch was pos t- ch romato graph i cally ad ded fo r c omputat i on 
of the peak areas . For  enhanc ed visual inspe c t i on of 
both peak symme t ry and bas el ine stabi l i ty ,  th ese  data 
we re plot te d  at twi ce  the chart sp eed  ( 2 em/mi n ) no rmally 
emp loye d for the purpose  of monito ring -- obv i ous ly , the 
computat ions ar e i nd ependent of chart s pe ed . T he plot 
fo r th is chromato gram is attenuat ed at 5 1 2 ,  w i th a 
maximal attenuat i on of 1 024 and an A/D ove r- range at 5 0% 
abo ve the max imum 1 024 plot range . The refo re , the peak 
fo r L- rhamnos e i s  at approx imat ely 2 5% of th e ful l-s cale 
integrat ing range . T h is example is one of the 33 
chr omat ograms us e d  fo r the data in  Table 4 and r ep re s ents 
the lowes t unknown peak ar eas to refe ren ce  peak area of 
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the s e r i es . In  the  lat e r  chr omat ograms , the  peaks o f  the 
unknowns rose  t o  over  4 t imes th e h e i ght o f  the r e fe renc e  
peak .  T h e  chlo r oform inj e ct i on p e ak  i s  not shown , but 
e s s ent ial b as el ine  l i nea rity o ccur red at 2 . 5 m i nut es . An 
analys is ( o n  a sugar-by-s ugar bas is ) of the d at a  i n  T able 
4 ,  and the plots  in F igures 1 and 2 ,  i s  p re sent ed  be low . 
The PAAN d e r i vat i ve of  D-gluc ose  sh owed a l inear 
respons e  within  t he 2 ug t o  30 ug inj ec t i on range -- from 
0 . 4 t o  6 . 0 mil l i on area c o unts (MAC ) . on the V i s t a  sys tem . 
These  we i ghts , and those  below , are bas e d  upo n  t he we ight 
of s tart ing mate r ial . No deviat ion  in  l inea r i ty was 
obs e rved at e i ther  end  o f  thi s  range . 
The p e racetylat e d  d e r ivat ive of s o rb i t o l  showed a 
l i near re spons e i n  th e 1 . 4 ug _t o  1 1  ug i n j e ct ion  range -­
from 0 . 4 to 4 . 0 MAC . In  the 1 1  to  20  ug range , a s teady 
increase in the und e revaluat i on of the expec t e d  p eak a rea 
o c cur re d . Th is deviat i on i s  shown in 
co rre c t i on plot  is  p r esent e d  in Figure 3 .  
Fi gure  1 , and a 
N o  l i near i ty 
pr oblems we re  seen  at th e lower limit of the in j e ct i on 
range , but the  p eak o f  the L-rhamnos e  s i de-p r oduct wi ll 
d om inat e  thi s  ch r omat ograph ic  re gi on when the s o rb it o l  
inj e ct ion level d r ops bel ow 1 ug ( and t h e  integrat or  may 
then p i ck t h is peak rathe r the sorbit ol peak ) . 
The PAKO d e r ivat ive of D-fru ct os e  d is pl ayed a 
li near re spons e i n  the 1 0  t o  33  ug region -- from 0 . 4 to 
29  
1 0  MAC . Unde r- evaluat i on o f  expect ed peak ar eas o c c ur red 
both above and be low th is  in j e ct ion region , wi th und e r­
evaluat i on o f  about 1 0% at 45 ug ( o r  about 9 . 0 MAC ) . 
Marked unde r-evaluat i on ( in  te rms of pe rcentage of  the 
peak area) o c curred  unde r 1 0ug , with 20% und er- e valuat ion  
at 7 ug , and 25% at  5 ug ( 0 . 8 MAC ) . 'r he ruo s t  l i ke ly 
explainat i on fo r thi s unde r-evaluat ion i s  i r reve r s ible 
c olumn ads orpt i on of a c e rtain fixed amount of  this 
d e r i vat i ve up on each inj e ct ion . 
The p e rac etylat ed de rivat i ve of suc r o s e  d is played 
a l inear respons e  in the 4 to  60 ug inj ect i on range ( 0 . 8 
t o  40  MAC ) with  no  i nd i c at i on o f  deviat i on o f  l i ne ar ity 
at the l ower end of  the range , and. only s l ight d ev iat i on 
t o  80 ug inj e c t i on . 
The above s tud i es c o nf i rm that i t  is m o s t u s e fu l  
t o  wo rk i n  the upp e r  regi on of  we ights of a de r i vat i ve t o  
be inj e ct ed . The  peak h e i ght  of  the  inte rnal refe renc e 
of the L- rhamnose  d e r i vat ive was near the h al f-he ight 
leve l of maximum A/D conve r s i on of th e i nt eg rat i on 
sys tem . If the i n j e ct i on le vel d r ops too  l ow ( be low 0 . 4 
MAC ) then und e r-quantitat i on of  th e D-fruct os e d e rivat ive 
o c curs . Inte rest ingly , a part of the wo rk i n.g ·r eg i o n s o :f 
l i near ity for  D-gluc os e ,  D-fructose , and S 11 c r o s e  l i e 
above the maximum A/D leve l of integrat i on -- app ar e nt ly 
s ome c l ipping o f  p e ak t o ps has l i t t l e  e ffe c t  o n.  t h e  t o t a l  
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peak area dur ing the fi rs t s tages o f  A/D ove r-range . I t  
i s  impo rt ant t o  r e c ogni ze that relat i ve ly large a.mounts 
of mat e r i al mus t  be i nj ected  b efore  a regi on of l i near ity 
for the PAKO de r i vat i ve of D-fruct os e is  r eached . Ear ly 
evi dence indi cates  that the re gi on of l i near ity for  
D-gluc os e ,  so rb i t ol , and suc r os e ext ends to much  lowe r 
leve ls ; but t he d e r i vat i ve of  D- fruc tose  ( and p r e s umab ly 
all other  PAKO d e r i vat i ves ) will be  great ly und e r­
est imat ed at th is  leve l of  inj ect i on . 
I t  has th erefo re been d emonst rate d  that a reg i on 
of  l i near ity e nc ompass ing a d e cade range o ccur s f o r  the 
maj o r  sugars exp e c t ed from ext racts  of plant t is sues , and 
that there  i s  a gene ral o ve rlap of th ese  worki ng ranges . 
I t  is important t o  re c ogn ize that the ac tual pe rc entage 
of sugars in plant t is sues  is not i mportant in th is s tudy 
the rat i o  of  the amount of inte rnal stan d a rd to  
ext racted  sugars c an eas i ly be va ri ed , and th e re c or d ing 
int egrato r  read i ly programme d to  ac como dat e th is change . 
As  typ i cal ranges o f  sugar s i n  the t i ssues o f  p lant s l ie · 
in the 0 . 5 t o  5 . 0 per cent wet-we ight range , a s ingle 
chromat ograph ic  d e t e rm inat ion c an quant i tate all u . .nk no , .. .ra 
sugars to  within a few pe rc ent of the i r  ac tual v�lue s . 
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Linear i ty o f  the FID d et ecto r respons e  when  both i nt e rnal 
re fe rence and the sac char i des  fr om a t is sue ext ract are 
--- --- ---- - ------
o f  c ons tant w e igh t , and var i ous amounts of  a kn own sugar 
are ad ded  bef o re d i lut i on .  
Thi s s tudy d iffe rs  from the p rev i ous l i ne ar i ty 
s tudy insofar as : ( a ) the ad d i t i onal sugars are added 
befo re the d e r i vat i zat i on p ro cedure , and ( b ) add i t i onal 
no n- sugar c omponent s from the plant t is sue are p r esumably 
p res ent in the  e thanol ext rac t . The refore , th is  p r o ce dure 
is  test ing the li near ity of  the d e r i vat i zat i on p r o c edur e ,  
w ith p otent i al ly i nt e rfe r ing c ompounds p res ent dur ing the 
p r o c es s . The s ame s to ck plant- ext ract  us e d  for  Part 3 
( e . g . , petals f rom a Hawtho rn e  t ree ) was emp loyed h e re in . 
A compar i s on s o lut i on of  known sugars  in  9 0% ethano l ( 1 00 
mL ) was p r oduced  -- the sugars us ed were  D-glu c os e ( 89 . 7  
mg ) , s o rbit o l  monohyd rate ( 1 00 . 1  mg , c or respond ing to  
9 1 . 1  mg  s o rbit o l ) , D- fruc tose  ( 1 5 9 . 1 mg ) , and s uc rose 
2 2 . 9  mg ) . The fi rs t t es t  s olut ion  was made by combin ing 
the Hawthorne ext ract  5 00 uL with th e abo ve c ompar i s on 
s olut ion  ( 200 uL ) -- th e actual amounts of fr ee  sugar 
ad ded  be ing : 1 7 9 ug D- gluc os e ,  1 82 ug s o rbi t o l , 3 1 8 ug 
D-fruct os e ,  and 4 6  ug suc r o s e . Three ad d i t i onal t e st 
s o lut ions were  mad e ,  ke ep ing the amount of Hawtho rne 
petal ext ract c onst ant ( 5 00 uL ) but inc re as ing t h e  am ount 
of the c ompa r i s on s olut ion ( 400 uL fo r the s ec ond  t es t  
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solut ion , 6 00 uL f o r  th e t hird test s o lut i on ,  and 800 uL 
fo r the fourth test  s o lut i on ) . Upon comb inat ion  and 
evapo rati on o f  th es e s olut ions , e ach  t es t  s olut ion  was 
d e r i vat i zed ( in  dupl i cate ) and analyzed by the p r o c edure 
in Append i x  A .  T he re sult s of the parall el  d e te rminat i ons 
we re averaged , sub t rac t ed  from the previ ous ly es tab l i shed 
s ac char ide  c ontent in  the Hawthorne pe tals , and c ompared 
t o  the known s tart ing amount of  add ed  sacchar i d e �fro tn the 
c omparis on s o luti on -- a t abulat ion o f  the s e  r e sult s are 
in  Table 5 .  The amounts subt racted fr om the d et e ctor  
response we re thos e d et ermi ne d  in T able 3 for  C ondit i on C 
" n o rmalized  t o  the  ac tual amount inj e ct ed " .  The  ac tual 
" amount of i n j e ct ed mat e r i al "  d es c r ib ed as " I nj " i n  T ab le 
5 is  based  on th e start i ng amount of und e r i vat i z e d sugar , 
and presume s both total d e rivat izat i on and ext ract ion 
int o  1 . 00 mL of chlorofo rm . As an int e rnal s t andard  is 
employed , n e � th e r  of the above as sump t i ons is nec es sa ry 
t o  de mo ns t rat e  the es sent ial l inear i ty of the amount o f  
ext ra s tart ing mate r i al ad ded  t o  b e  d e r ivat i z e d  t o  the · 
actual amount pres ent as determined  by t h e  rec o r d ing 
integrat o r . I n  a s imi la r  manne r ,  t h e d et ec t o r  r e s p o �8 a 1  
d es ignate d  " Re s " fn  Table  5 depe nds o n  the no rmal iz a t i u r1 
s t ep pe rforme d o n  t he d ata in Table 4 ,  but is  independ ent 
of the l inearity of the relat ionship und e r  study h e r e i n .  
T he tabulat ed d at a  i n  T ab le 5 i s  plott ed i n  F igures  5 and 
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6 to  ind i cat e the  e s s ent i al re lat i onsh ip of  l ine ar ity f o r  
each sacchar i de . 
I n  s ummary , the combined re sult s o f  the above 
invest igat i ons indi cate that the p ro ce dures  d es c r ibed in 
App endix  A :  ( a) repres ent  and optimi ze d  app roach f o r  the  
analys is  of free  sugars in plant t is sues , ( b ) e .xh ib it  a 
l inear respons e w ithi n as acc eptab l e  p e r c e nt we t-we ight 
sugar range , and ( c ) can ach ieve reproduc ibi l i ty with 
standard d ev i at ions w i th in 0 . 0 1 wet-we ight pe rc entage . 
Howe ve r ,  the us e ��lness of  this level o f  analyt ical 
p re d i ctabil ity i s  o nly meani ngful w ithin  t he c o nt e xt o f  
( a ) t he actual wet-we ight pe rcentages o f  sugars i n  p la nt 
t is sues , and ( b ) t he range o f  such sugar pe r c entage s 
with in s imi lar  t i s sues of  ( s e emingly ) ident i c al plants  -­
quest ions wh ich  a re ad d r essed  i n  the fo ll ow ing chapte r .  
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APPLI CAT I ON OF THE G C  METHODOLOGY T O  PLANT T IS SUES 
The opt i mized analyt i cal methodology d eve l ope d in 
Chapter  2 ,  and summar ized  in Append ix A ,  was emp l oyed  to 
d et ermine wet-we ight sugar percentages ( fo r s irnu l i c i tv ..&.: v 
r efe rred  t o  as '' sugar-p e r c e nt s " ) of  typ i cal plant t is sues . 
Two fundamental quest i ons we r e  addres s e d : ( a ) what sugar 
pe rcent age range can be ant ic ipat ed fo r s im i lar p lant 
t is sues , taken at i d e nt i cal t imes , fr om plants growing in  
( apparent ly ) i d e nt i cal c onditio ns ,  and ( b ) what ar e 
typ ic al ranges o f  sugar pe rcentages on  a day-by- day bas is 
fo r the above plant t i s sue s amples . The gene rat i on of  
th es e data are  ne c e s s ary ,  both t o  establ ish a rat i onal 
s ampl ing t e chnique , and als o to es tabl ish  wh eth e r  the 
accuracy of thi s p ro c e dure  ( est imat ed at +/- 0 . 02%)  was 
c omparable w i th the  actual wet-weight p e r ce nt age l evels 
found in typ i cal plant t i s sue . All plant t is sue  s ampl es 
we re taken betwe en 1 and 2 pm ( Cent ral D ayl ight-sav i ngs 
T ime ) , and we r e  analyzed  as des cribed in Append ix A .  
Agreement of  wet-we igh t  pe rcentag� c ontent s  o f  free  
sugars of plant t is sues f rom i dent i cal s our ces , but from 
d i ffe rent i ndiv i dua� plants . 
This  s e ct i on inve s t igat es , on  a p r el iminary bas is , 
the agreement of  analys e s  of the free- sug�r c on t e nt of 
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ext racts from s im i l ar t i ssue s ( collected  u nd e r  analogous 
c on d i t i ons) from d iffe rent ind ividual plant s of the same 
spe c i es . An att emp t  was made t o  maximi ze s ample 
un ifo rmi ty by ( a) us ing petals from flowe rs ( p r e l iminary 
d at a  ind i cat ed  thes e t is sues t o  be mo re s accha r i de-s table 
than leaves or s t ems ) , ( b ) us ing a wo o dy plan t  with a 
we ll-d efined r o o t  sys t em ,  and ( c ) us i ng plants gr ow i ng i n  
un iform s o i l  and l i ght ing c ond iti·ons . The pe t 8.ls f r o r a  
the wild rose  ( Ros a arkansana) we re chos en , w ith t hree 
ind i vi dual plants be ing sampled pe tals fr om th ree 
flowe rs from e ach plant we re  c ommi ngle d .  T h re e  mature 
plants ( each plant with a t ot al bi omas s of app ro x i mately 
5 00 gm ) growing at 8 met e r  inte rvals and equi d i s t an t  ( one 
met e r) from east-wes t  rai lway tracks ( in  B r o ok i ngs , SD ) 
were  chosen ,  and i dent if i e d  as p lant s 1 ,  2 ,  and 3 .  The  
plants  we re s amp le d  in  br ight sunlight at  app ro ximate ly 
1 8 °C ,  1 2  hou rs afte r  rec i e ving 2 em of rai n ,  and at 
app roximat ely mid-t erm i n  the flowe ring s eas o n  ( June 2 6 ) . 
Two aliquots  ( o f  500 uL each ) we �e d e r i vat i ze d  from  each 
ext ract , and the  chlo roform e xt ract from each d e rivat i ve 
was chromat ographed  twi c e  these  d a t i-l  a r <3 s u. r[l ra8. r i z e d  i ·1. 
T able 6 and i n  Figu re 7 .  An examinatio n  O T  t he d ata  in 
T able 6 indic at e s  that the variat i on of th e ave rage of  
each dete rminat io n  is  about the s ame as t he variat io n of 
t h e  ind i v i dual replicat e  d et e rminations for a g iven 
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t is sue ext rac t . F o r  example , the ave rage s tandard 
d e v iat i on for the thr ee s ets of values ( the und e rl ined 
values in T able 6 ) fo r D-gluc os e and D- fruc t ose  i s  
essent ially the same ( 0 . 03 1 ) as the ave rage s tandar d  
d ev iat ion fo r t h e  two s et s  o f  four  d e t e rminat i on s  eac h  
f o r  plant fo r thes e two sugars 
T able 6 are p lo tt e d  in Figure  7 ,  
( 0 . 03 9 ) . The  data of 
w i th the  v e rt i cal bars  
for  each dete rminat i on rep resent ing a +/-0 . 02% wet-we ight 
d ev i at ion ( about e qual to two stand ar d  d eviat i on un its ) . 
It  is the refo re c onc lud ed that the analyt i cal met h o do logy 
is at , or near , the opt imum r ep ro duci b i l i ty of sugar w et­
we ight pe rcentage d i ffe rences  betwe en s imi lar  t is sues of 
d iffe rent ind i vi dual plants . 
Changes in  the wet-we igh t  p e rce ntage c ontents o f  free 
sacchari des of plant t i ssues fr om ident i cal s our ces as a 
fun ct i on o f  t ime . 
As  a c ont i nuat ion  o f  the above study , the suga r  
p e r centages in the s tem of a smal l vas cula r plant , the 
d andel ion ( T araxacum o ffi c i nale ) were  followe d  as a 
func t i on of  t ime . Two areas one met e r  square ( defined  as 
areas 1 and 2 ) , s eparat ed by e ight met ers  w ith i n  a gr as sy 
locat i on with full  expo sure t o  the sun we re  chos en . Four 
s amplings oc cu r red  over a 5 day int erval ( s t ar t i ng June 
27 , 1 9 86 ) w i th thr e e  in d i vi dual plants taken from each 
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area for a s ingl e p lant ext rac t . The  f i r s t  two d ays were  
cool  ( ave rage d ai ly temperature of  about 1 6 ° C ) and d ark 
w i th rain . A one d ay sample laps e o ccur re d ,  fo llowed by 
two very sunny warm ( ab out 26 ° C ) days . Two al iquo ts 
from each ext rac t  we re de r i vat i ze d ,  and e ach d e r i v�t i ve 
ch romatographed  twi ce  ( s e e  Table 7 and F igure  8 ) . A .� 
example ch romatogram fo r the  dandel ion  s tem i s  s hown in 
Figu re 9 .  Note  the peak following D-gluc os e has a 
ret ent i on t ime e qual t o  myo- inos i to l ,  an d t h i s  spl it  peak 
is presumed t o  rep r es ent is ome rs of that comp ound . Figure 
8 presents the s ugar pe rc entage data fo r a re as 1 ( dashed 
l ine ) , fo r area 2 ( d otted  l i ne ) , and fo r the ave rage value 
of areas 1 and 2 ( s ol id l i ne ) for each obs e rve d  su ga r . 
The verti cal b ars fo r th ese data po ints reflect  the 
magnitude of two s tandar d  d ev iat ions . An i n spec t i on of 
the data  fo r the sugar pe rc entage fo r D-gluco s e  ind i cates 
( a) d iffe rences  in  value s from d iffe re nt areas ( e ven 
though the t is sues fr om th re e p lants from each a r e a  were 
ave rage d ) ar e much great er th an limi tat i ons of the 
analyt ical te c�nique , ( b ) d iffe re nc es of the day-to-day 
I _ ave rages f rom t he sugar  p e r ce nt age values ( ab out 4 0% )  c an 
exc e e d  the e r r o r  of  the method ( about 0 . 02% )  by m o r e  than 
a magnitude � an d ( c ) the  p e r cent ages from one a re a  ( area 
2 )  cons istant ly are large r than s imi lar values  fr om the 
other  area . For  th e s e  d at a  t he cons is tancy o f  i nc reas ed  
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sac char ide  pe rc entage values fo r area 2 i s  maintained  fo r 
D-gluco se  and D-fructose  ( except fo r a s ingle D- fructose  
value on  day 2 ) -- appare nt ly re flect i ng d i ffe re nces i n  
growing cond it ions b e tween these  s e emingly i d e nt i c�l 
ar eas . An inspec t i on of the data in F igure  8 ind i cates 
extens ive detail ( re lat ive  to the level of conf id en c e  of 
I 
the de te rm inat ions ) fo r sugar p e r cent ages -- b o th for 
c omparison  of d iffe rent sugars on the s ame d ay ,  and also 
fo r the c ompar i s on of such change s on a day-by-day bas i s . 
The refo re ,  the data in Tables  6 and 7 ind i cat e  
that t h e  l imits  o f  c onfi d e nce  f o r  t h e  s ugar we t-we ight 
pe rc entages are b e low the le ve ls ne ed ed fo r meaningful 
int e rpretat ion  o f  analyse s of  p lant t i s sue s . In  ad d i t i on ,  
-
the above lim i t e d  data on r ep l i cat e  dete rm inat i o ns fr om 
two we ll-s eparat ed g r ow ing a reas sugg e s t  t hat mean i ngfQl 
general t r ends fo r sugar pe rc entages in plant t issue s c an 
be e s tablishe d  w it hout extens ive repli cate  ( fd r d i ffe rent 
g r o w i ng areas ) sampling . Thes e obs e rvat i ons will be 
expanded in following c hapt e rs w ith s im ilar data taken · 
from s tems o f  o t he r s p e c i es of vas cular plants  on 
ident i cal d ays t o  t he ab ove s tudy in Table 7 .  
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C OMPARISON O F  VARIOUS PAAN/PAKO DERIVAT IZAT ION !VIE'.C HO D S . 
Seve ral r ec ent art i c les suggest that the P AAN/ 
PAKO procedure  de s c r ib e d  i n  Append ix A c ould : ( a ) und e r­
�uant itate  s ac char ides , o r  ( b ) be  pe rfo rmed mo r e  qui ckly 
thr ough us e of  a suitable  cat alyst .  T h i s  c hapte r  
i nves t i gate s these  p oss ib i l it i e s . 
Furneaux ' s  ( 4 0 ) s tudy of  cycl i c  by-p r oduc ts from 
the PAAN de r i vat i z at i on  p r o c e dure was an area of c once rn , 
not becaus e of the loss of sugars ( whi ch is c omp ens at ed 
for by the r efe rence solut i on and  i nt e rnal r efe rence 
s t andard co r rec t i on ) , but due to th e c once rn r e g� r d i ag 
c o nple tene ss and r ep ro duc ib i l ity of the r eac t i o ns fo r the 
var i ous types of c ompounds u nd e :r c o n s i d e  :r ;1. t i o  r1. ( i . e . ,  
al dos e s , keto ses , and polyo ls ) . Fo r this s tudy it  was 
assume d that ineff i c i e ncy of th e analyt i cal p ro c e du re 
would result in und e r-quant i tat i on of the r ep o r t ed wet­
we ight pe rc e ntages o f  sugars from plant t i ssues ( o r  such 
c omputat i ons o f  synthet i c s olut ions rep re sent ing ext racts 
of thes e t issues ) . The refore , i n  th is chapte r an 
" improved " method is  ope rat i onally d e fined as a me thod 
wh i ch inc reas es  the chr omat ographi c  peak a r e as fo r a 
gi ven amount of s tart ing s ac char ide . rr o  <1- v o i d c o r1.fu.s i on 
w ith ( potent ial ) part ial d e r ivat izat ion of  the  i nte r r1.<1.l 
s tandar d , all s amples  we r e  inj ected  with a 1 0  ut B:arn i l  t o r1 
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70 1 syr inge equipped wi th a C haney adapt e r  and the  area 
counts of the chr omat og raph ic peaks we re t hen  d i rectly 
compared . I t  s h ould b e  no ted  that the same amount of 
s tart ing e thanol-sugar s olut i on was used thr ough- out the 
expe rime nts i n  t h i s  chapt er , and ther efo re , t h e  abs olut e 
values of the dat a  i n  T ab le s 8 th rough 1 2  c an b e  d i re ct ly 
c ompared .  Ex cept whe re s pe ci fi c  mod ificat ions ar e not ed , 
the analyt i cal proc edure is that des c r ibed  i n  Appe nd ix A .  
Two s t ock s o lut i ons were  employed for  the  fi rs t  s t ep o f  
all stud ies in  this chapt e r :  the fi rs t ( an et hatl o l- 8 ug�r 
s olut ion ) was evapo rat ed to  d ryness at 7 0° C under  
reduced  p re s sur e and  the  s ec ond ( a pyr id ine s olut i o n ) was 
ad ded  t o  s tart the react i on .  Solut i on A ( 5 0 0  uL used ) 
c on s i s t ed of  L- rhamno s e  mo nohydrat e  ( 1 30 mg ) , D-glu c o s e  
( 1 2 6 mg ) , s o rb i tol  monohyd rat e ( 79 . 7  mg ) , D-fruct os e ( 1 5 5 
mg ) , and suc rose  ( 23 1 mg ) d ilut ed t o  1 00 m L  in  a 
vo lume t r ic flask w ith 9 0% ethano l .  S o lut i on B ( 200 uL 
use d ) cons is t e d  o f  hyd roxylami ne hyd r ochlor ide  ( 1 . 49 gm ) 
d i lut ed t o  1 0  mL in a vo lumet r i c  fl as k with pyr id ine . 
C ompari s on o f  GC peak a re as t o  changes i n  t he r eact ion 
t ime for the fi rst ( oxime fo rmat ion ) reac t i on s t ep .  
S t o ck s o lut i ons A ( 5 00 uL ) and B ( 200 uL ) we re 
used acc ord i ng to  the p r o c e dure in Appe nd ix A - - s t a rt i ng 
with the ext ract evaporat i on s tep . W o u r  r e ac t i on 
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c ond it ions we re employed ( with dupli cate d e t e rmi nat i o ns ) 
with changes in react i on t ime fo r the fi rs t s t ep o f  1 0 i 
1 5 ,  20 , and 2 5  m inut es . T he no rmA.l reac t i on t ime i n  
Append ix A i s  2 0  minut es fo r this s tep . In all c as es the 
r eact ion t ime fo r the  s ec ond s tep was 3 0  m i nute s .  T h es e 
dat a  are p res ente d  in  T ab le 8 ,  and an i nspe c t i o n  o f  the 
data ind i cat e s  that e qu ilbr ium for th e oxime-format i on 
step has ess ent ial ly been  reached · aft er  ten  minut es . It  
c ould be  not e d  t hat t he data in  T able 8 ( in  t erms of p eak 
areas fo r repet i t i ve inj ect ions ) are qui t e  un i form 
ind i cat ing that reas onab ly quanti tat i ve d ata c an be  
obtained without the  us e of an int e rnal s tand a r d  i f  a 
Chaney adapt e r  i s  employed . 
C ompar ison  9_� �Q peak a re as t o  changes i n  t he r eact ion 
t ime for the s e c ond ( acetylat i on ) re��t��� §��P� 
The s ame s t ock s olut i o ns ( A  and B )  and analyt ical 
cond it i ons ( from Append ix A ) used  in  the prev ious s e ct ion 
we re e mploye d i n  t h i s  s e ct i on the  s ole changes he re in 
are i n  the r eact i o n  t ime o f  the se cond ( acetylat i on ) 
react i on s t ep , w ith t imes o f  20 , 2 5 , 30 , and 3 5  m i nutes . 
T he no r rnA.l r e :1.c t i o n t ime in  Append ix A is  30  minut e s  for 
th is s econd s t ep .  I n  all cases  the reac t i on t ime f o r  t he 
fi rst  ( O X i rne - f O r lrlat i o n ) S t ep WaS 20  minut e s  • Thes e d ata 
are p res ent ed in T able  9 ,  whi ch ind i cate that t h e  s e c ond 
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s tep react ion i s  nearly c omplet e  a t  2 0  m inut e s , and i s  
e ss ent ially c o mplete at 3 0  minutes . Impo rtantly , th e area 
c ount of the peak repres ent ing 1- rhamno se is i n c r eas i ng 
at ab out the same rat e as the :-t r e r1.  c ou n t s  o f  t he p e aks 
rep resent ing the o the r sugar s .  Therefor e ,  th e p e rcent 
wet-weight , re lat e d  t o  the  1- rhri' 'l r10 8 e  i rr t e  -rn�l s t r.:tn d ard , 
is  essent ially c ons t ant for  the fou r remaining sugars 
und e r  all reac t i o n  c ond i t i ons tab �l�t e d i n  � �b l e  g ,  I t  
should b e  r e c ogni z e d , b y  c ompar i s on t o  the l e vel  o f  
repl i cat ion e st ab l ished i n.  T r:tb l e  ;( :::tn d  by t he fact  that 
thes e  data we re obtained w i th a C haney adapt e r ,  that 
d iffe renc es in the las t  two l i nes  i n  T ab le 9 a re 
es s ent ially s tat i s t ical ly ins ignific ant . 
C ompari son of three PAAN/PAKO _der ivat izat i on pro cedu res . 
The  l it e ratur e survey of Chapt e r  1 has i d ent ifi e d 
two r e c e n t ly us e d  p ro ce dures  fo r PAAN/PAKO d e r i vat izat i on 
¥vhich employ catalyst s .  The f irst alte rnat ive m ethod  i s  
t hat o f  C he n  and 1'v1cG inn is (3 6  ) ·w-h i ch u.s e s  N-met hy l i mi daz o le 
( NMIM )  as b o th the s o lvent and catalyst , w i th b o th o f  the  
r ea c t i o n  s t eps r e qu i r i ng a t o tal o f  1 0  m i nut e s . T he 
s e c o n d  al t e rn at i ve metho d i s  t hat o f  Gue rrant and M o ss 
( 38 ) whi ch us e �3 t h e  s o l i d cl i me t hy l am i n e  pyr id i ne ( DMAP ) 
as a catalys t d is s o lved i n  a pyr id ine/me thanol s o lvent . 
Chen  and iVIc G i nn i s o n ly e val u.<::Lt e d  t h e i r  1ne thod  ( refe rred  
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he re in as the NMIM meth� d ) fo r the d e r i vat i z at i on o f  
aldos es , whe r e as Gue rrant and M o s s  s tu d i e d  t h e  p r o du c ts 
of both aldo s e s  and ke t o s e s  w ith the D MAP m e th o d . 
To  evaluate the abo ve th ree p ro c e du res the s ame 
stock S o lut i on A as d es cr ib ed in the p re c e d i ng s e c t i o n  
was evapo rate d ( 5 00 uL ) . The NMIM and DMAP metho ds  W8 re 
use d  as d es c r ib e d  in  the o r i gi nal l it e r at ure  ( 36 ,  3 8 ) , 
and the pyr i d i ne method as desc r ibed in Append ix A .  For 
uni fo rmity , the f i nal r e ac t i o n.  rn i >et u. r es f o r r=t l l  3 � n ethods  
were  ext ract e d  with chlo rofo rm , and ch romat ographed as 
de s c r ibed  in  App e nd i x  A .  T he s e  data  a r e  s umma r i z e d  in  
T ab le 1 0 .  A c ompar is on of the data  in Tab le 1 0  ind i cate 
that th e results  of the py r i d i n e p ro ce dure an d the D MAP 
.. 
me t h o d  are e s s ent i al ly id ent i cal . The D MA P  method has the 
nominal advant age o f  a s h o rte r r eact i on t ime , but whe n  
compared to the r esults  fo r sho rte r re ac t ion t ime s for 
the py r i d i ne p r oc edur e ( s e e  T ab les  8 and 9 ) , th e actual 
cat a ly t i c  e =ffe c t of the DMAP appears to  be  marginal . It 
should  be  not ed that the s olvent fo r the D MAP appr oach is 
py r i d i ne , a n d  the r eact i o n  tempe ratures are es s e nt ially 
the s ame as fo r the pyr i d i ne me thod . 
A c o rnp a r i s on b e tw e e n  th e py r i d ine me tho d  and t he 
�MIM me t h o d  s uggests  t h at t h e  l at t e r app roach has s e r i ous 
d e f e c ts . F i r s t ly , the re ac t i o n cond it ions appa r e nt ly do 
·r1o t a ll ow rer=tc t  i on c o mp l e t i o n ,  b ased o n  the r e duc e d  area 
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counts  fo r all p e aks in t he chro ruatograms from the NMIH 
method . This  incompl et eness of react ion i s  only a mino r 
p r ob lem , i ns o far as an i nte rnal s t andard can b e  e mploye d . 
4 mo r e  s e r i ous prob lem i s  the seve r e unde r e s t imat ion of 
D- fructos e ,  re lat i ve t o  the  ald os e  d er ivat ives -- th ough 
again an inte rnal standard , c oupled with an app r op r i ate 
d e t e c t o r  re sponse  fact o r  , c ould re duce th is  p r ob le m .  We 
c onfi rm what Chen and McG innis  ( 36 )  not ed that ext ra 
prom inent GC p eaks ( of  unknown or igin ) o ccur  i n  these  
chr omat ograms . The  ext ra peaks oc cur b etwe en the  s ol ve nt 
fr ont and the r eg i o n  fo r the pentose s ,  g i v i ng r i s e  t o  
confus ion with regard t o  t h e  p resence o f  such s tart ing 
sugars in t h e  o r i g i nal d e r ivat izat io n  m ixture � F inally , 
i t  should be  not ed that the - rat i o of s i de-p r o duct  to 
maj o r  peaks fo r ald os es ( as obs e rve d  f ro m  the area c ounts 
of th e peaks fr om D-gluc o s e ) is  es sent ially the s ame fo r 
all th re e � n et  hods . 
Mo d ificat io n  of  the a c e tylat�o� ��ep �f t h� NMIM metho d 
� in creas i ng the tempe rature and/ or the reac t i on t i me 
whi le mod erat ing w ith � pyr id ine s olve nt • . 
In  c ont ras t  t o  the DMAP method , whi ch i s  ac tually 
ve ry s imilar t o  t he py r i d i ne p r oc edure , th e NMI M  method 
( wh i ch o ccur red at amb ient tempe ratur e ) held pr om i s e  for 
mo d i ficat i on . T he f i rs t  r eact ion  mod ificat ion  c ons i s t ed 
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of  rais ing t h e  t emp e rature o f  the NM IM p r oc edure , wh i ch 
resulted  in  a black react ion m ixture yield i ng a c omplex 
chromatogram . T he s e co nd r e act i on mo d i fi cat i on c o ns i s t e d  
of  us i ng re ac t i on cond i t i o ns fo r the fi rs t s t ep i de nt i cal 
t o  thos e o :f the  py r i d ine p r oc edur e ( i n  Append ix A ) . T he 
s e c on d  s t ep was �ls o the same as i n  App end i x  A ,  e xc ept 
that ( a ) 2 0  uL o f  N-methyl- imidaz ole was ad ded  w it h  t he 
acet ic  anhydr id e  ( c r eat ing a 9 0% py r i d i ne / 1 O% N- rrJ.e t hyl­
imi daz o le catalyt i c  r at io ) , ( b ) amb ient c o nd it io ns we re 
us e d  in the fi rst  t r ial ,  and ( c ) varying reac t i o n t imes 
at 70° C we re  e mploye d .  Each reac t i on cond it i on was 
perfo rmed in  dupl i c at e ,  w i th th e results be ing s umma r i z e d  
in  T able  1 1 . T he d e t e ct o r  r e spons e s  f o r  each sacchar i de 
in l i ne 3 o f  T ab le 1 1  ( r ep resent ing c ond i t i ons o f  a 2 0  
minut e react ion  t ime a t  70°C ) a re e s s e nt ially t h e s ame 
as those  of our pyr i d ine method of Append ix A ( compar e to 
l ine 3 o f  T able  9 ) . The  d at a  i n  l i n e  2 of � able 1 1  
( rep r es ent i ng s im i lar r eact ion c�nd i t i ons w ith a 1 0  m i n .  
r e A.c t i o -rl t i rae ) i nd i c at e  i nc ompl et e p e rac etylat ions . I n  · 
t h e  c h r omat og rams from all react ion mixtures  wh i ch us ed 
�Ji>Ti i.T r-lS a catalyst th e und es ired extra c h r o rnat og raph ic  
p e ;--).k8 o c cu r r e d  near ( w i thin  4 minut es ) o f  the s o lvent 
f ro �t . I t  is t he r e fo re c o nc luded that the s e  co nd it i o ns 
h o l d  l it t l e , i f  any , ad vantage ove r  the pr o c e dur e i n  
A.ppe nci. ix  A .  
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Mod i ficat ion of the  acetylat i on �t � of the  NMIM me thod 
Ez inc reas ing the per cent age of !��thyl- im id az ole _i_n _t_h_e 
s o lvent . 
A l og i c al alte rnat ive t o  the mo d i fi cat i on of  the 
NH IJv1 p r o c edur e d es c r ib e d  ab ove c ons i s ts of chang ing the 
�MI M I py r i d in e  c atalyt i c  r at io .  T he only mo d i fi cat i on 
fr o m  th e abo ve p roc e dure , with stock S olut i ons A and B 
� nd �ppe nd ix � p ro ce du re , was the add it ion o f  measu red 
8. m o u.n t s  o f  N- rne thyl imid az ole ( from 25 uL to  200 uL ) with 
t h e  ace t i c  anhyd r i de at the s tart of  the s ec ond r e act i on 
step . T he ad d i t i o n  o f  200u.TJ o f  NMIM , to  gi ve the h ighest 
NMI M I pyr id i ne r at i o ( 1 : 1 ) , p ro duce d  a blac k  r eact i o n  
mixture whi ch yi elded  a ch r o mat o g r w n  w i th c o mp le x , 
mult iple p eaks . T he r e sults o f  the ch romato grams f ro rn 
the remaining reac t i on mo d i fi cat i on c o nd i t i o ns � r e  s h o wn 
in T ab le 1 2 .  Fo r th is  s e ct ion the r e ac t i on t e r 1 p e -r n.t u. -r (-; :� 
fo r b o th s t eps  in  all c ond it ions we re 70 °C .  I n e s se �c e 7  
the data i n  T ab le 1 2  i nd i cate that at 70° C in c r eas i ng  
pe rcents  of  NMIM in  the s olut io n of  the s e cond r e ac t i on 
s tep have l i ttle  e ffe c t  o n  the rate of  pe race tylat i on ,  
and pe rcent ages near o r  ab ove 5 0% ( NMIM t o  py r id ine ) are 
det r iment�! t o  s ac c h a r i d e  qu� nt i t at i on . 
I n  summary , t he c ond it ions d e sc ribe d i n  Append ix 
A rep re s e r1t  t1 :-; O.) t :i_ : :l�:t. : · t c o r 1d i t i o rH3 t hat have b ee n  found 
fo -r accurat e  quant it at io n  o f  s ac char i d es by the  P AAi\TI PA.1�0 
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p r oc edur e . �'To .1il o d i  c i er1 t i o n s  o f  this  PAAN/ PAKO p r oc e dure 
( e i the ·r 8.S d e s c:r j_ b e d  in the l i t e rature , or a logical 
var iat i ons o f  the s e  p r o cedures ) a re known t o  y ield 
equ i valent results . 
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THE FREE SUGAR C ONTENT OF THE T I SSUE OF CANADA THIS TLE 
Chapte r 3 c onclude d  wi th the analys i s  o f  the  free 
sugars in  the s tem t is su e  of the dand e l i on .  T h i s  chap te r  
exp an ds such analys e s  t o  the stem t is sue o f  the Canada 
th is tle ( C i rs ium arve ns e ) . The data w ithin t h i s  chapt er 
can d i rectly be  c ompared to  the  p r ev i ous dand e l i on 
( Taraxacum offi c inale ) , and als o t o  the data in  the 
following chapte r for field  b indwee d ,  in the fol lowi ng 
s ens es : ( a ) the  s ame analyti cal method ( Append ix A )  was 
us ed , ( b ) the p lants we r e  s ampled at the same t ime on the 
s ame day ( day 1 c o r responds to June 27 , 1 986 in all  cases ) 
in  the same ge ne ral v i c in ity , ( c ) the st em t i ssue was used 
and ( d ) the  s ampl ing method ( two defined ar eas 8 m apart 
w ith three  plants  fr om each area fo r each ext ra ct ) were 
the s ame . The  t rans ve rs e s tudy ( in t erms of t ime ) o ccur red  
o n  4 days ( 2  dark and 2 b r ight ) ove r  a 5 day inte rval · -­
s e e  T able 1 3  and F igure  1 1 .  A typical ch romatogram , upo n 
whi ch the data in  this  tab le and figure are  bas e d , is  
shown in Figur e 1 0 . ·A  c ompari son of the data in  F i gure 8 
( fo r dandeli on ) and in Figure 1 1  ( fo r Canada th istle ) 
reveals t hat D-glucose  is  the d ominant free sugar fo r 
dan de l i on s t em t i ssue ,  whe reas su crose  is  the dominant 
free sugar in C anada t h i s t le s t em t is sue . 
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I n  the c ourse  of th e above stud ie s  on  vas cular 
plant t i s sues , an unde rgraduat e resear ch pr oj e c t  was done 
by Nathan A .  Ande r s on ( 4 ) wh ich appl i ed th e gene ral 
method  of Append ix A t o  the leaf t i ssue fr om ni ne sp e c ies 
o f  t rees , each spe c i es represent ing a maj o r  fami ly of 
de c id i ous t ree . Evi d en c e  fr om both th is study , and from 
that of Unruh ( 1 ) als o ind i cat ed that al l n on-p et al plant 
t i ssues of woo d  t re e s , includ ing the stems , have ab out 
the same sac cha r i de c o nt ent . Anderson ' s  ( 4 ) dat a  on the 
we t-we ight sacchari d e  pe rcentage s of l eave s  of t re e s  can 
b e  summari z ed as follows : ( a ) suc r os e  i s  always the 
d ominant free sugar , w ith typ i cal values in th e 1 . 5% t o  
4 . 0% range , ( b ) D-gluc ose  rarely oc cu rs ( in  3 o f  t h e  9 
stud ied  spe c i es ) and a typ i cal range i s  0 . 3% t o  1 . 0% ,  ( c ) 
f re e  D- fruct os e d i d not o ccur , and ( d ) all i d ent ifiable 
sugars  have elevat e d  sugar percentages on br ight days . 
Not only are  the data fr om the s tem t is su es of 
the Canada th i s t l e  and the dandel i on d i fferent from e ach 
othe r ,  thes e data  als o d i ffe r form the t ree l e af data 
( and p re sumably the analagous stem c ont e nt of these 
sp �c i e s ) . Thes e vas cular plant example s are typ i cal of a 
preliminary sur vey of the sacchar ide  cont ent of a d o zen 
d iffe rent vas cular spec ies , data wh ich ind i c at e  that 
typi cal wet-we i gh t  s a.c char ide  percent ages ( fo r any g i ven 
sac char ide ) are  typ i cal ly und e r  1 . 0% and are oft e n  und e r  
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0 . 4% . Therefo re , the t rends  o f  s ac char id e c ontent fo r any 
g iven day are  qui t e  d iffe rent fo r vas cular plant-t is sue 
when compared to wo ody-pl ant t is sue . Although d ep ressed  
( by about a fac t o r  o f  5 c ompared to wo ody-pl ant t is sue ) 
the suc r os e  c ontent of vas cul ar-plant . t i s sue d o es on a 
day- by-day bas i s , parallel the pat t e rn favo red by the 
leave s  of t rees  -- that i s , the sugar per cent s  increas e  
o n  b r ight days . T he in os it ol cont ent o f  t h e  Canada 
thi s t le was als o followe d , although no t p lott ed in 
gene ral , th is  c ont ent r emaine d  c onstant at about 0 . 1 3  wet 
w e i ght  percent ( a value wh i ch appr ox imates  th e i no s i t o l  
c ontent of the d ande l i on ) . 
A total su rvey of the l it e ratu re r e lat ing t o  
C anada thi stle ( C i rs ium arvense ) was perfo rmed fo r the 
past twenty years ( 1 9 6 5- 1 986 ; principly bas ed  up on th e 
S ci en ce C it at i on Index ) . A ll ident ified  art i cl e s  we re 
obtaine d  an d r e ad , and all  refe renc es in th os e a rt ic l e s  
wh ich refe r red  t o  carbohydrat es in any c ontext we re 
obt ai ned  and re ad . A t o tal of 58 papers  were  e xamine d ,  
and it was e stab l i shed that the great maj o r ity of th e 
art i cles dealt  w ith : gr owth , d is t ribut io n ,  reac t i on t o  
ins e ct s , and/ o r  react i on t o  he rb ic i d es . N o  refe ren ce s  t o  
i no s i to l i n  any plant t is sue o f  C anada thi s t le was found , 
and o nly three  re fe renc es to  " carbohydrat es "  in  gene ral 
we re  l o cat ed . T wo r e fe rences  refe rred t o  s e as onal 
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fluctuat i ons of " wat e r- s o luble carbohydrat e " i n  the root 
syst em of Canada th i s t le - that is , non-s t ruc tural , wat e r  
soluble s ac char i d e s  whi ch a c t  as ene rgy r e s e rves . T he 
ear l i es t pap e r  by O tz en and Ko r idon ( 54 ) c onclud e d  that 
the "wate r- s o luble  carbohydrat e "  cont ent , on a wet-we i ght 
p e r centage b as is , c ou ld vary from a low of 4% ( fo r Ap r i l  
in  th e Nethe rlands  t o  a h igh o f  24% ( i n  Novembe r ) in 
all cas e s  t he analys es we re pe rfo rme d aft e r  extens ive 
hyd rolys i s  of the ext ract . O tz en and Ko r i d on surveyed 
fo r free " reduc i ng" sugars in the root t is sue , by us e of  
a t rad i t i onal t i t rat i on method us ing copp e r  re duct i on, 
and c onclude d  t hat the t o tal reduc ing sugar c ont ent of 
the roo ts was les s than 0 . 5 pe rc ent and relat i ve ly s t ab le 
on a year ly bas i s  - - d ata  i n  acc ord  with the find ings of 
this  the s i s . Late r McAllister  and Had e rl i e  ( 5 5 )  d i d  
s imi lar s tudi es o n  root buds o f  C .  th is t le i n  Neb raska, 
but d i d  not do  any par allel s tudi es on re du c i ng sugar 
c ont ent . The s ingle r emaining refe rence  t o  C .  thi stle 
and · carb ohyd rat es was by Wallace  ( 56 ) , who i de nt ified 
rhamnose  and glu c o s e  as hyd rolys is pr oduc ts ( by paper  
chromat ography ) l i be rat e d  from flavono ids  whi ch had b een 
ext racted  from the th is tle . 
The abo ve spe c ific  example fo r refe re nc e s  t o  free 
sugars from t i ssues  of C .  thistle is typi cal , in te rms of 
pau c i ty of mat e r i al ,  for c ommon vas cular  plants . I t  c ould 
be  not ed 
th is tle " , 
relat ively 
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that C i rs ium arvense , the s o- calle d " Canada 
is not  nat i ve to North Ame r i ca ,  b e i ng a 
rec ent imp o rt from Wes te rn Europ e , and 
r each ing the No rthe r n  4me r ican plai ns in the lat e 1 9th 
c e ntury . The refo re , as a p rominent noxi ous wee d , Canada 
th is tle has b een ext ens i vely s tud i e cl in th e Uni t e d States 
C anad a ,  and Eur op e  -- it i s  not an ob scure spe c i e8 . 
5 3  
THE FREE SAC CHARIDE C ONTENT O F  FIELD BINDWEED T ISSUE 
As a c ompl iment t o  the study of the st em t i ssue 
of the dandel i on and the Canada th i stle , t he saccharide 
c o nt ent of th e s t em t is sue of  fi el d b indweed ( C o nvolvulus 
arvens i s ) was exami ned . The  days i nvolve d  i n  s ampl ing, 
the methodolo gy ,  and the analyt i cal me th od we re  i dent i cal 
t o  the p revi ously d i s cussed  data from dand e l i o n  and 
C an ada thist le . In fact , th e d efined ar eas 1 and 2 fo r 
the field b indwe e d  and the dandel ion are i d en t i cal the 
Sexaue r spo rt s-fi eld  of  SDSU . A typ i cal ch romatogram fo r 
d e r ivat ives d e r i ve d  from the s t em of fi el d b in dwe e d  i s  
shown i n  Figu re 1 2 , and the result ing t rans ve rs e d ata  a re 
s hown i n  Table 1 4  and Figure 1 3 . 
The s u c r os e c onte nt of th e s tem- t i s sue of the 
field b i ndwee d  i s  quit e s imi lar to th e s ac char id e c ontent 
of c o rrespond ing t is sue f rom d andelion and C anada t hi s t le 
both in pe rc entages on any given d ay ,  and als o  in the 
" pr of i l e "  of  th e t rans ve rs e d ay-t o- day sugar pe rc entage 
s tud i es . Howeve r ,  b oth  the D- gluc ose and th e D-fruct ose  
data fo r s tem- t i ssue fr om fi eld  b indweed  d iffe r r ad ic al ly  
from the c o r re sp on d i ng data for dande l i on an d C anada 
th is tle -- with D- fruc t ose  b€ ing e s s ent i ally ab s e nt f r om 
the fie ld b indwe e d  · t i s sue . Upon exp osure t o  b r i ght 
sun l i gh t ,  the re  was a s harp inc rease in the wet-we i ght 
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p e r c entage fo r D-glucose  i n  fi eld b indweed t i s su e . In 
general , these  data from fi eld b in dwee d much mo re  c l o s e ly 
p arallel the data obtai ne d fr om the l eave s o f  t re es ( 4 ) 
than they relat e t o  data from othe r plant s  p re s ent ed in 
this the s i s . In  add it i on ,  less " cohe rence " in  the h igh 
and l ow ( relat ive t o  the average ) sac char i d e  values fo r 
the c o r re sp on d i ng saccha r i des  of the two 
are obse rved fo r the fi el d  b indweed 
s ampl ing areas 
( e . g . , for  the 
dand e l i on d at a ,  essent ially all sacchari de values fo r a 
given day from A re a  2 are  great e r  than thos e value s for 
the c o r resp ond ing A rea  1 ) . P os s ibly this  lack of  wet­
we ight  p e r cent age c oheren ce b e tween the tw o a reas re sults 
from only an e ight-met e r  s epa rat ion of the two sampling 
areas and fr om the mo re- extens ive r oo t  sys tem o f  t he 
f i e ld bindweed . 
In  a manne r analo gous t o  th e C anada th i s t le , t he 
l i te rature fo r the fi eld  b indwee d ,  an al li ed  spe c i e s , was 
s ought  through th e S c i ence C it at ion I ndex . A g eneral iz ed 
search fo r C onvolvulac eae ( wh ich inc ludes  field  b i ndwe e d , 
hedge b i ndwe ed , e t c . ) pr oduced a t otal of 1 76 a rt i c les  
35  art i c les  sp ec ifi cal ly 
b indweed ( Convolvulus arvens is ) . 
deal ing 
A t ot al 
with  fie ld 
of s e ven  o f  
these  art i cles refe rred  to  " carbohydrat es "  i n  any 
fo rm , and only 3 of the se  art i cles relate d t o  C on vo lvulus 
ar ve ns is . I n  1 94 0 , Barr ( 5 7 ) examined both the " wate r-
5 5  
s o luble carbohy d rat e "  and the " reduc ing sugar " c ontent of 
the ro ots of C onvo lvulus arvens i s  in C olo rado o n  a yearly 
bas is .  Both the methodology and the ge ne ral results ( in  
t e rms of we t-we i ght pe rc entage s ) we re s imi la r to  t he ab ove 
c i ted ( 54 ) s tudy of ro ot t i ssue fr om Canada th is tle . 
Howeve r ,  the data of Barr  fo r reduc ing sugar we t-we ight 
p e r cents of fie ld bindwe ed values in the summe r ( ranging 
ab out 1 . 3  pe r c e nt ) are c ons i d e rably h ighe r than the 
co rrespond ing amount this  s tudy finds ( ab out 0 . 3% as 
D-gluco s e ) in  t he s t em t i ssue . A se cond s tudy , in  1 9 70 
on the effect of herb i c i de s  on C onvo lvulus arv ens is by 
Chodova and Z emanek ( 5 8 ) in C z echosl ovak ia found s imilar 
amounts of "wat e r-s olub le ca rb ohyd rat e " ,  but d id not 
examine the f ree  s accharide  � ont ent . A thi rd d i s cus s i on 
o f  " carbohyd rat es " i n  C onvolvulus arvens is c an be  found 
in  the revi ew art i cle  by Weave r and R i ley ( 5 9 ) , wh ich 
does not expand upon the ab ove c it ed lite rature . The 
r emai ni ng four art i cl e s  fo r C onvo lvulac eae in  gen e r al are  
even les s  ge rmaine t o  th is  thes is . Two art i c les on ext ra­
flo ral n ectar i es ( ne ctar s ec reat ing glands ) i n  sp ec i e s  of  
I pomo ea ( 6 0 , 6 1 ) ind i cat e  h igh fre e-saccha r i d e  we t-we ight 
pe rcentage s in the flo ral ne ctar . Two o t h e r  art i c les  
i nd icate D-glu c o s e  and D- rhamnos e as the  hy d r o lys is 
pr oducts from re s ins obtained fr om Ipomoea ope r culat� 
( 62 ) and fr om C onvolvulus mi crophyllus ( 6 3 ) . 
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A s  a spe c i es , the field b i ndwe ed i s  s im i lar t o  
the Canada th i s t le i ns ofar as it  i s  both a rec ent 
int r oduct ion into  No rth Ame r i c a  from Eur ope , and t hat i t  
i s  a noted nox i ous we ed -- again , an example of  a we ll 
s tud i e d  plant fo r wh i ch l i ttle  free sugar d at a  e x i s t s . 
It  can be  noted  in  the chr omat ogram of Figur e  1 2  
that no ino s i t o l  peak o c curs ( as found in  dande l i on and 
Canada th istle ) , but that the re are two ad d i t i onal 
pr ominent peaks ( one befo re ,  and one afte r the L- rhamnos e 
peak) . In ad d i t i on ,  the re i s  a small peak at an r et ent i on 
t ime ( RT ) of 9 min , before  the suc ros e p eak .  T h i s  latt e r , 
mino r peak i s  of inte rest , fo r in  the c o r r espond i ng 
chromat ogram o f  the t is sue from the fl ower o f  b i ndwe ed 
( ch r omatogram not shown ) thi s  peak at 9 minutes  b e c omes  a 
d ominant peak . All  3 o f  t hese  GC peaks are high ly unusual 
fo r chromatograms from plant t is sue , and all 3 comp onents 
are found ( t o  a greate r or lesse r extent ) in t i s sues of 
the flower and leaf of £ield b indweed . Mass spe c t r omet ry 
( MS ) has b e en empl oyed t o  examine - all peaks in both  the 
chr omatograms of the Canada th istle and the b indweed , and 
on the bas is  of these  s tud i es , the following s t ructures 
ar e pr oposed fo r thes e  GC pe aks . 
The fi rs t unknown GC peak ( RT=2 . 97 min ) repres ents 
pe rac etylat ed  1 -0-methyl e ryth rit ol ( or  thre it o l ) -- s e e  
Figure  1 4 a .  T h e  mas s spe ct ral parameters  of  b oth the 
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N- 1 5  and the deute ro-acetylated is otopic  sub s t itut i on 
analoques of  the d e r ivat ive ( fo r both e . i .  and c . i .  mass 
spe ct r omet ry ) are in  ac c ord  with the proposed  c ompound 
s e e  the fo l lowing chapt e r  for a summary of the MS 
approach that was us ed . As is otopi c subst itut ion c onfi rms 
that the 0-ac etyl groups were  added dur ing the p r oc e s s  of 
de r i vat izat ion , i t  is c onclud ed that the o ri gi nal free 
sac char ide  in  t h i s  t is sue was 0-methyl e rythr it ol ( o r  the 
c o rrespond ing thr e i t o l  product � - mass spect rome t ry d oes 
not  ind i cate the s t e re o chemi s t ry of the mo le cule ) . 
The se c ond unknown GC peak ( RT = 4 . 6 1  m i nutes ) 
exh ib its  the mas s spe ct ral paramet ers ass o c i at e d  w i th a 
peracetylat e d  pent i t o l . Of the pos s ib le s t e r e o i s omers  of 
the structure , only the d e r ivat ive of D- r ib itol  has the 
same retent i on t ime . The refore , it  is  conc luded  that the 
o rigi nal fre e c ompone nt in field b indwe ed  t is sue is 
r ib it ol , though the MS data d oes not ind i cat e whe the r the 
D or L i s omer  is involved . 
T he thi rd unknown peak ,  wi th only a t race amount 
pr es ent in the s t em-t i s sue , ( RT = 9 . 43 minute s ) has mass 
spe ct ral p rope rt ies  whi ch ind i cate a complex glycos i d e . 
The MS component of the glyc an is ident i cal t o  that from 
complex glycos i de s  c ontaining one gluc opyranosyl re s i due 
wh i ch is attached thr ough the reduc ing gr oup . The  MS 
component of the aglyc on group is essent ially id ent i cal 
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t o  that of  the  M S  c ont r ibut ion for the f i rs t  unknown peak 
i n  the ch romatogram . Therefo re ,  it  i s  propose d  that the 
parent c ompound f o r  t h i s  pe r-0-acetylate d  p ro duct  is a 
1 -0-methyl e rythr itol  gluc opyr anos ide ( s e e  Figu r e  1 4b ) , 
o r  a s t ereois ome r ic anal ogue . 
Ult imat ely ,  i t  s h ould b e  noted  that f re e  r ib it ol 
i s  rare ly ,  if e ve r ,  found i n  plant t i ssue s . In ad d i t i on ,  
a s earch th rough C hemi cal Abs t racts fo rmula inde x s hows 
that no 0-methyl e ryt h r it ol  ( o r  is ome r i c  analogue ) no r 
c o r re sponding complex glycos i de has e ve r  b ee n  rep orted  in 
nature . T hough the t ransverse  data fo r the s e  comp on ents 
has not b e e n  plott ed , the ac tual wet-we ight pe rc entage of 
these compounds (us i ng detector  re sp ons e fact o r s  from 
d e� ivat ives of s imi lar c omp��nds ) remains re lat ive ly 
c onstant , with the 1 -0-methyl e ryth r i tol  and als o the 
r i b i t o l  c ontent approx imat ing 0 . 04 p e r cent . 
5 9  
STRUCTURAL ANALYS IS BY MASS  SPECTROMETRY 
A fundame ntal rat i onale for the d evel opme nt of 
the quant itat i on appr oach des c r ibed in Chapt e r  3 was to  
provi de a c ompl imentary analyt ical me tho d ol ogy for the 
soph is t icated GC-MS app roach deve loped by Un ruh ( 1 ) for 
the rapi d i dent ifi cat i on of  new and/ or unusual s ac char ide  
c omp onents in  plant t is sues . Th is  me tho d o logy of Un ruh 
was appl ied  t o  t he d e r ivat i ves  from b oth C anada th i stle  
and fi eld bindwee d  wh i ch are desc ribed in  the  2 p re c e d i ng 
chapt ers . All chromat ograph i c  component s  d e s c r ibed  in 
thos e chapte rs we re  c omple t e ly s tructu rally i dent ified  by 
the methodolo gy  d e s c r ibed by b oth S eymour ( 7 ,  8 ) and by 
Unruh ( 1 ) . 
The  gene ral s t rat egy developed fo r t he above 
GC-MS s t ructural determinat ion method c ons i s t s  of first 
pe rfo rming ammonia- chemi cal- i onizat i on/mas s- s pe c t r omet ry 
( AC I- MS ) on t he chromato graphic  run wi th a non- i so­
topi cally sub s t itut e d  de r ivat izat ion mixture from a gi ven  
plant t is sue . S imple sp ect ra result from each chromat o­
graph ic  peak when  ACI-MS is us ed oft e n  but a s ingle 
mas s peak of M + 1 8  ( where  M is  the mo lecular we ight of 
the derivat ive of the sac char ide  and 1 8  repres e nts the 
mo le cular we ight of the ammonium ion adduct ) . The refo re , 
the molecular we ight  of each d e r ivat ive is qui ckly found . 
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Two parallel d e r i vat izat i ons are als o d one o n  al i quot s  o f  
the plant t is sue ext ract , one derivat izat i on wh i ch uses 
hyd roxylamine ( N- 1 5 ) and anothe r  wh i ch employs deut e r at e d  
ace t i c  anhyd r i de  both add i t i onal de r i vat ives ar e 
sub j e ct ed t o  GC and mon i t o red  by AC I-MS . The mas s 
spe ct ra c o rrespond ing t o  each peak in  the ch romat ogram 
are then c ro s s- indexed and refe renced to  the m/ e of  the 
non- i s ot opi cally subst i tuted der ivat ive . I f  the N- 1 5  m/ e 
incr eases fo r a given GC peak ,  then the comp ound 
as s oc iated  w i th that peak c ontains an aldo  o r  ket o  gr oup , 
and i s  probably a reduc ing sac char ide . I f  fo r a g iven GC 
peak ,  the inc reas e  i n  m/ e upon deut e r o-ac etylat i on is 
d ivided by th ree  ( the numbe r  of deute r ium in e ach ac etyl 
gr oup ) then the numbe r  of o r iginal hyd roxyl gr oups in the 
s tart ing s ac char ide  is  ident ified . The ab ove data can 
p r ovi de ext e ns ive info rmat i on upon whi ch t o  bas e furthe r 
s t ruc tu ral i nfe rences from the electr on impact ( E I ) mass 
spe ct ra wh i ch is then take n fo r thes e d e r i vat ive s . 
The abo ve c it e d  MS stud i es dealt p r imar i ly in 
te rms of monome r i c  aldo s es and ket os es  mas s s p e c t r o­
me te rs capable  of deali ng with the h igh GC t empe ratures 
i nvolved in  the s eparat i on of d i sac charides  were not 
then availab le .  Howeve r ,  fo r complete  MS analys is of the 
c ompounds involve d  . in  the chromatograph ic  s tu d i es 
desc r ibed in  Append ix A ,  add it ional MS data  is needed on 
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the s e  large r sacchari des  -- b oth for d i sacchari de s  and 
fo r c omplex gly c o s i des  ( a c ovalent ly b onded s ac ch ar ide 
and a non-saccha r i d e  mo iety ) whi ch could e lute  in  this 
chromatograph i c  reg ion . Thus , representat.ive  examples  of 
the s e  two c lass es of sac char i des we re s tud i ed by GC-MS ; 
the  ch romat ographi c  and AC I- MS data be ing s umma r i z e d  in 
Appe nd ix B .  Due t o  the re lat i ve s impli c i ty o f  the  ACI-MS 
spe c t ra ( princ iply c omposed  of the m/ e = M + 1 8  pe aks ) 
this  d ata  c an b e  eas i ly summar ized . Note , the  d as he s  i n  
Append ix B refe r t o  N O  data be ing cur rent ly avai lab l e  for 
this c ompound in all s tud i ed  cas e s  th e M +  1 8  p eak was 
pres ent . The d at a  ess ent i al ly co nf i rm t he bas i c  val id ity 
of t he us e of the M + 1 8  peak appr oach fo r t he analys is 
of d ata  from d is ac char i d e s  and complex glyc os i d e s . 
The  E I-MS data re sult ing f rom t hes e stud i e s  a re 
more  c omplex and are d i vi ded int o  two se ts . The  fi rst 
data  s et , d e al ing with EI-MS from d isac char i des , i s  
summarized  in T able  1 5 .  Alth ough the re are  a numbe r of 
i nt e rest ing re lat i onsh ip b e tween these  dat a ,  s eve ral are  
prominent . I n  the fi rs t dat a  s et , the  EI-MS of  t reha lo se 
( a d isac cha r i d e  comp os ed  o f  two anome ri cally l inked 
D-glucopy rano s i de groups ) ind i cat es that an int e ns e m/e 
at 33 1 i s  d i agno s t i c  o f  the D-gluc opy ranosyl re s i due . An 
add it ional relat i o nship a s imi larly int ens e peak at 2 1 1 
fo r the anome r i cal ly l i nked D- fructofuranos i de re s i due o f  
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suc r ose  though th is is  not  as  d i agn ost i c ,  due to  a 
weak m/ e 2 1 1 c ont r ibut i on from the glucopy ranos i d e  r i ng 
( compar e the EI-MS of the t r ehalose  d e r ivat ive t o  that of 
th e suc rose  d e rivati ve ) . I nte rest ingly , unde r E I-MS 
c ond i ti ons the m/e p atte rn of the de r ivat ives  of the 
reduc ing d i sacchar i d es , wh ich d o  have the n i t r i l e  g roup 
inc o rpo rated  i nt o  the pe racetylated s truc ture ( s e e the 
las t three c olumns in T abl e  1 5 ) are ( a) quit e s im ilar , 
d e sp i t e  d iffe rent l i nkage-type pos i t i ons , and ( b ) have 
mo st  o f  the i r  m/ e c ont r ibut ion from the fragmentat ions of 
the r ing rathe r than the ( now) linear reduc ing s ac charide  
mo iety . · The r efor e ,  EI-MS c lear ly d i st ingu ishe s b etwe en 
suc ros e  and the re duc ing d i sacchari des ; but is not a good 
method to d i fferent i at e  the reduc i ng d i sac char i d e s  one­
from-ano the r ( although of c ou rs e  the se de r ivat i ves  c an 
have d iffe rent GC re t e nt i on t imes . 
The EI-MS data from a sele ct  s e t  of d e r ivat ives 
of complex glyco s i d es i s  p re s ent ed in T able 1 6 .  T hes e 
data ind i cat e that the glycos ide mo i e ty of the c omplex 
glycos ide  make s a unifo rm and p red ictable c ontr ibut ion  t o  
the mass  s pe ct ra o f  th ese c ompoun ds , and that th is  
c ont r ibut ion  i s  s im ilar t o  the m/e fragment at io n pat te rn 
es tab l ished for  th es e glyco s i de un its  from the  above 
d is ac char id e  s tud i es -- note  the 3 3 1 c o nt ribu ti on of the 
D-glucopyrano s i de ring in th e last th ree  co lumns of T able 
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1 6 . To  test  th i s  app roach t o  mas s spe ct ral analys i s , tl:e 
EI-MS of 2 pe rac etyl ated  de r ivat ive s , me thyl-beta-D-xylo­
pyranos ide  and me thyl-beta-D-gluc opyran os i d e , we re 
c ompar ed ( s ee th e f i r s t  two c olumns of Table 1 6 ) .  The  
paralle l betwe en the  mas s- loss  of  th e D-xyl opyran os ide 
uni t  compared to  the m/e values of the D -gluc opy ran o s i de 
uni t , clear ly paral le l  the d i fference in mas s  b e tween 
thes e 2 sugars . I t  i s  p resume d that the mo le cular w e i ght 
of othe r glycan r es i dues c an be dete rm ined , b as ed on mass 
d i ffe renc es from the m/ e 33 1 ( and all ied  m/e ) of the 
D-gluc opyranos ide r es idue . Once the app r op riate 
c ont r ibut ion of  t he glyc on gr oup is  fac t o r e d  f ro m  the 
E I-MS of a c ompl ex gly c os id e ,  the m/e cont�ibut i on of  the 
aglycon group c an be i d ent ified and analyz ed . T h i s  
appr oach fo r analys i s  was taken with the EI-MS o f  the 
c ompl ex glyc os i d e f rom field b i ndwe ed , and once  the 
fam i l iar pat t e rn of the D-gluc opyranos ide  p eaks we re 
removed the resul t i ng spect rum was nearly the s ame as 
the mas s spec t rum pr oduc ed by the first unkn own p eak 
wh i ch had been  i d en t i fi ed as 1 -0-methyl erythr i t o l . 
The mas s spe c t r al cond it ions empl oyed i n  th is 
study were e s s en t i al ly tho s e  reported by Unruh ( 1 ) . 
Howe ve r ,  in th is cas e all s tudies we re done wi th a packed  
GC c olumn und er  the s ame GC  c onditions as  des c r ib ed in  
Appendix A .  
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CONCLUS IONS 
It  has been demons t rated that the PAAN/ PAKO 
pro cedure can be c omb ined with an int ernal s tandard and 
w ith d ig ital integrat i on to ach ieve a pre c is e  metho d for 
quant i tat ion of fr ee  s ac char ides in  plant t is sue s --
cond it ions wh i ch are d es c r ibed in App end ix A .  A survey 
of  c ond it ions alt e rnat ive t o  the ab ove proc edur e , e i ther  
pub l i shed or  logi cal extens ions of  thos e mod if i c at i ons , 
has failed to  find a b e t t e r  approach -- e ithe r i n  eas e  of  
appl icat i on , or  in improvement of  quant itat i on . 
Impo rtant ly , the method ology o f  Append ix A can be  
employed fo r free sugar surveys in plant-t i s sues from 
vas cular plant s . This  improved metho d o logy inc lude s 
appropr iate rat i os of reagents , c ontr o l  ove r  reac t i on 
cond i t ions , and a j ud i c i ous inj e ct ion s iz e  r ange fo r 
chr omat ography . Such sac char ide  surveys of t is sue s from 
vas cular plants had p revi ously proven  d iffi cult , o r  
imposs ible , appar ent ly due t o  ( a) a t endency fo r large 
perc entages of ch lo rophyll  o r  c ompounds as s o c i at ed w i th 
chlor ophyll to  inh i b i t  th e oxime format i on s t ep ,  and ( b ) 
by the low we t-we ight pe rc entages of sac char ides  wh ich 
are  present in  these t is sues ( value s of 1 0  p e r c ent of  
those  often found in  - the  leave s of  wo ody plants ) . 
Typ ic �l chr omatog rams whi ch result fr om the 
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appl icat ion o f  the metho dology o f  Append ix A t o  t i s sues 
of  vas cular plants  are re lat i vely s imple in t e rms of 
the numbe r  of peaks p resent , and the res o lut i on of the GC 
c olumn . Howeve r ,  these ch romatograph i c  peak are as ( and 
on oc cas i on the abs enc e of such peaks ) demons t rat e :  ( a ) 
the ident ity and c onc ent rat i on of th e maj or  free  sugars 
( D-glucose , s o rb i t o l , D-fruct ose , and suc rose ) can vary 
d ramat i cally from speci es to spec ies , and ( b ) th e large 
changes in c on c e nt rat i ons of these  sugars ( i n  a given 
spe c i es ) can change extens i vely on a day-to-day bas i s  
apparently as a funct i on o f  growing cond i t i ons . As 
analyt ical chem i s t ry i s  the bas is of this  thes i s , no 
at tempt has been  made to ass ign a phys i o log i c al o r  a 
b i o chemical s ign ificanc e t o  thes e find ings . Neve rthele s s , 
the l it e rature has been  sear ched ( for vas cular plants in  
gene ral , and fo r the d andel ion , Canada th is tle , and f i e ld 
b indweed in spe c ifi c ) and no comparable data  fo r su rveys 
of wet-we ight p e rc ents in such t issue s have been  found . 
In  add i t i on to  survey ing fo r the above l is ted 
four maj o r  fre e  sacchar i des , the metho dology allows a 
s imultaneous survey fo r o ther  sacchar i d e s  whi ch are not 
ext reme ly po lar ( e . g . , not c o ntaining carb oxy l i c  ac id  or 
ph osphate groups ) , and wh ich have molecular we ights  l e s s  
than a t r isac char ide  ( ab out 4 00 daltons ) . No analogs of 
the maj o r  fre e  sugars ( e . g . , D-mannos e with , o r  in place  
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of D-gluc os e ) , have be en obse rved i n  the ( cu r r ently ) 
l imited  numbe r  o f  s tud i ed spec ies , but i t  i s  c ommon to  
f ind oth e r  free  sugars . The  i dent i ty and c on c e nt rat i on 
of  these  " ext ra" free  sugar c omponent s var i e s  w i d e ly from 
spe c i es to spec i e s . Fo r example , b oth the d and el ion  and 
the Canada thi s tl e  s tem-t issues c ontain large amount s of 
inos itols , wher eas the st em-t issues of the field  b indwe ed 
c ontain apprec i ab le amounts of r ib i to l ,  an a-methyl­
e rythr itol , and a compl ex glyc os ide inc o rpo rat i ng th is 
latter  sac char i d e . The ident ity o f  thes e  ad d i t i onal 
saccharides  has b e en es tab l i shed by GC-MS . 
In ad d i t ion t o  the above quant itat ive s tud i es , 
mas s spe ctral s tud i es ( b oth  e lect ron impact and chem i c al 
i on izat i on ) have b een  p e rfo rmed on p roducts ar i s ing from 
the PAAN/PAKO metho ds . For  c ompar ison purpos es , the MS 
fragmentat ion pat t e rns of  t he PAAN/PAKO ( o r  pe race tylat e d ) 
d� r ivat ives of  mo del  c omp ounds we re s tud ied  fo r complex 
glyc os ides  and d is ac char i d e s . These d ata we re th en us ed 
fo r s t ructural conf i rmat i on and analys i s  of the compounds 
pr oduc ing the " ext ra" peaks in the chr omat ograms of PAA.l"V 
PAKO d e r ivat izat i ons of plant t is sues . 
In summary , this  thes is d efine s a prec i s e  method 
for the ident ificat i on and quant itat i on ( in t e rms of  we t­
we ight pe rc entage s ) of free sacchar ides  in the t i s sue s of 
vas cular plant s .  
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APPEND IX A 
Th is s e c t i on d es c r ib e s  and d ef ines the ope rat i onal 
s t eps used fo r the Mast e r  of  S c ience  res earch d es c r ibed  
in  this  thes i s . Impo rt ant ope rat i ons we re : ( a } t is sue 
ext ract i on ,  ( b ) d e r i vat i z at ions of fre e sac chari d es , 
( c ) chromatography of the sugar de r i vat ive s , and ( d ) 
c ompute r  ins t rume nt c ont r ol and data p r o ce s s ing of  the 
flame i onizat i on d et e c t o r  ( FID ) chromat ograph i c  p r o c e s s . 
A ls o  include d  i s  a d e s c r ipt i on of suppo rt ing ope rat i ons , 
such as , preparat i on of int e rnal- refe renc e s olut i ons , and 
p reparation of c al i b rat i on- reference s olut i ons . 
Plant  t issue c o l l e c t i on and extract i on .  · 
The t is sue  samples employe d in  this  s tudy we re 
c ollected  from the i r  natu ral envir onment in the area of 
B ro okings , S outh D akota • Upon c ol le ct ion  and r e turn to  
lab o rato ry ,  the samples we re immed i ately · ext rac t e d  with 
90% ethanol .  A s ample of plant t issue ( 1 . 00 gm +/- 0 . 0 1  
gm ) was we ighe d with a t op loader  balance i n  a tar ed  2 5  x 
. 1 5 0 mm t est  tub e . Ethanol  ( 6 mL of 9 0% ) was ad ded to  the 
test tube , whi ch was then kept in an ic e-wat er  bath . The 
t is sue sample- ethanol mixture was sub j e ct ed to 1 ) ult ra 
shear d i s rupt i on ( 9 0  seconds at 90% maximum spe ed ) with a 
T ekmar T is suemiz e r , the t issuemize r probe was washed w i th 
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ethanol ( ab out 2 mL ) whi ch was t ransfe rred  t o  the t otal 
s olut ion ,  e l im inat ing a poss ible s ource of mate r i al loss , 
and 2 )  ult ras on i c  d i s rupt i on ( 3 0  sec onds at 3 5% max imum 
powe r ) w ith  a Fis ch e r  S on i c  D ismemb rat o r  ( mo d e l  3 00 ) . 
The result i ng suspens i on was c ent r ifuged  w i th a c lini cal 
c entr ifuge ( 2 minutes at high speed ) and the supe rnat ant 
t rans fer red to a 1 0  ml vo lumet r i c  flask . Abou t  2 mL mo�e 
of 90% ethanol  was ad ded  to the res i due , the m ixture was 
vo rt ex ed mixe d , c ent r ifuged and the supe rnat ant comb ined 
with the p r ev i ous supe rnat ant in the vo lumet r i c  flas k .  
T he ethanol extract was then d i lut ed t o  t h e  mark fo r a 
total volume of 1 0  mL and t ransfe rred t o  a t eflo n  capped 
1 6  x 1 25 mm culture tub e and sto red at -20° C .  Ab out one 
hour was needed  t o  process  a s et of s ix s ampl es of plant 
t is sue . Th i s  pr o c e dure r eplaces the mo re conve nt i onal 
lengthy ext rac t ion of s ac char ides wi th hot  s olvents and 
has the advantages of shear and ult ra- s ound d is rupt i on .  
Also  the re i s  less  chanc e that the ext ract will  d egrade . 
Although this  ext ract ion  p rocedure seems ve ry r eas o nable , 
a s im i lar app roach has not be en found i n  the l i te rature . 
Ext ract preparat i on .  
In o rd e r  t o  p repare a PAAN/PAKO d e r i vat ive from a 
plant sample , an al i quot of the ethano l  plant ext ract is  
taken . The p refe r red  aliquot s ize  may vary ( b etwe en 0 . 5 0  
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mL and 2 . 00 mL ) , d epend i ng upon the free sugar c ont ent of 
the extrac t . I t  has b een found that the chr omat ograph i c  
ar ea count o f  t h e  sugar c omponent i s  b e s t  quant itated  
when the component ' s  area  c ount was about the area  c ount 
for the int e r nal standard , L- rhamnos e  ( 6-deoxy-L-mannose ) 
PAAN d e r ivat ive . Due t o  the h ighe r sugar c ont ent of  the 
petals it was usually nec es sa ry to t ake a small e r  al iquot 
( about 0 . 5 mL ) fo r the i r  ext rac ts than fo r the ext racts  
of the c o r resp ond ing leaves and s tems . An al iqu ot of the 
ethanol ext rac t  was take n ,  us ing a d i sposab le p ip et t e  ( 1 
o r  2 mL graduat ed ) to  avo id c r os s- c o ntam inat ion and 
del ive red t o  a teflon capped 1 3  x 1 00 mm c ulture tub e . 
The  ext ract was p laced in a 70°C he at ing b lo ck for  
about 8 minutes  ( evaporat ion was st oppe d about 2 m i nutes 
aft e r  apparent d rynes s was reached ) with an ai r flow ( and 
part ial vacuum ) c r eated by aspe rat o r  vacuum t h rough a 3mm 
outlet and a 2 2  gage 2- inch hypo de rmic  ne ed l e  as an 
inlet . 
De r ivat izat ion pro cedure . 
After  the ethano l ext ract was d r i e d , a s o lut i on 
( 200 uL ) of an inte rnal refe rence ( L- rhamno se ) was added 
w i th a Langlevy p ipet t e . Thi s int e rnal reference 
s olut ion c ons ists  of  �- rhamnos e monohyd rat e ( e . g . , 1 6 6 mg 
c o r respond ing t o  1 5 0 mg of L- rhamnose ) and hyd r oxylam ine 
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hyd r o chlo r i d e  ( e . g . , 7 . 5 4  gm ) d ilute d  with  pyr i d i n� t o  5 0  
mL in a volumet r i c  flas k .  The refo re ,  6 64 ug o f  L- rhamnose 
and 30 . 2  mg of hydr oxylam ine  hyd rochlo r ide  we re  add ed to 
the react ion  m ixture . The d e r i vat izat i on p r o c e e d e d  with 
the add i t i on of  a small tefl on-coated  s t i r r i ng-bar to the 
reac t i on v i al ,  whi ch was s ealed with a t e fl on-l ined 
s c rew- cap ,  and placed in a heat ing b lo ck ( P ie rc e  Reat i­
the rm heat ing- st i r r ing mo dule ) fo r 20 minutes at 6 8°C .  
After  about two m inute s  of heat ing the reac t i on s o lut i on 
was gently swi rled ove r the uppe r glas s surface of the 
vial to insure that all the evapo rate d  mat e r ial will  b e  
d is s o lved . Fo ll owi ng the f i rst  heat ing s t e p , ac et ic  
anhyd r ide  ( 0 . 3 00 mL , a volume i n  exc e s s  of  the  py r i d i ne ) 
was ad ded to  the reac t i on mixture , and the s e al ed tube  
again heat e d  fo r 30  minut es at 68°C .  Pyr i d ine ( 0 . 1 00 
mL ) was then ad ded  t o  read j us t  the vo lume t o  an excess  of 
pyr i d ine . 
Ext ract ion o f  the r eact ion m ixture . 
The PAAN/PAKO d e r i vat ives produced in the  above 
react ion steps  we r e  s eparated  from the react i on r e agents 
as follows . Three  test tub es ( 1 6  x 1 2 2 mm ) were arranged 
in a test  tub e rack for each ext rac t i on . The fi rs t tub e 
c ontained chlo rofo rm ( 1 . 00 mL ) and wat e r  ( 2 . 00  mL) . T he 
s e c ond tube c ont ained wat e r  ( 2 . 00 mL) and pyr id ine ( 5 0 
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uL ) . The thi rd t es t  tube contained only wat e r  ( 2 . 00 mL ) . 
T he react ion  mixture  was t ransfe r red t o  the fi rs t  tube 
( cont aining the chl o r oform and wate r ) by me ans of  a 
Pas t eur  p ipet t e , vo rtex s t i r r ed fo r 3 0  s e c ond s , and aft e r  
phas e separat i on the chlo r ofo rm laye r was t rans fe rred  t o  
th e s econd t e s t  tub e . T h e  vortex-st ir r ing and chlo r oform­
t ransfe r r ing we re then repe ated  fo r the rema i n ing wash 
s olut ions . I f  an emuls i o n  formed , phas e s eparat ion  was 
ac complished by c ent rifugat i on .  The fi nal chl o r oform 
ext ract was t rans fe r r ed t o  a clean ,  d ry 1 3  x 1 00 mm s c rew 
c ap culture tube and d r ie d  by 30  minute  c ontac t with 
hal f- dozen pellets  of act ivated ( 3 5 0 °C fo r 3 hour s ) 
mole cular s i e ve ( " Li nd e "  type 3 A , 1 / 1 6  i nch ) . T o  r educe 
chromat ograph i c  s o lvent front effe cts the chlo ro fo rm 
ext rac t  was o ft e n  c on c e nt rated by methods analogous t o  
the e thanol  evapo rat ion  p ro cedure . If  the chlo r o fo rm 
ext ract inadve rtantly went d ry ,  i t  could b e  red i s s o lved 
in chlo roform ( 7 5  uL ) wi thout affect i ng quan t i tat ive 
results . The chlo r ofo rm ext r act  c ontaining the P AAN/ PMCO 
d e r ivat ives was n ow ready for GLC inj ect i on and was 
usually s table fo r s e ve ral months . 
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P reparat ion and employme nt of the calibrat ion r efe renc e 
solut i on . 
Two r e fe rence s olut ions are requi re d fo r the 
quant i tat i on of an unknown s ac char ide ( s ) in ex t r acts  from 
plant t is sue by us e o f  a gas-l i quid chromat ograph . The 
fi rst s o lut ion , containing the int e rnal r e fe r ence  
( L- rhamnos e ) has p rev ious ly been des c ribe d . The  s e c ond 
s o lut ion ,  the c al ib rat i on  s tandard , c onta i ns d e r ivat ives 
of known amounts of b o th the int ernal s tandard and also 
of all s ac char i d es wh i ch will be quant itat ed . A typ i cal 
cal ib rat i on refe renc e  s tandard was mad e by us e of a 
t eflon- capped 1 3  x 1 00 mm culture tube equipp ed  with a 
small s t i r r ing bar . The d e r ivat izat i on of this  s t andard 
o ccurred in the same mann e r  as
-
desc r ibed ab ove , w ith the 
following changes  in the �mounts of reagents : L- rhamnos e 
monohyd rate ( 45 . 9mg , c o r r e spond ing to  4 1  . 4mg L- rhamnose ) , 
D-gluc os e ( 43 . 2  mg) , s orb i tol  monohydrate ( 2 8 . 1  mg , 
c o r respond ing t o  25 . 6  mg of s o rb it ol ) , D-fruc t o s e  ( 6 1  . 9  
mg ) , sucrose  ( 79 . 3  mg ) , and hyd roxylamine hy rd r o chlo r ide · 
( 1 89mg) we re reac ted in  pyr id ine ( 1 . 5 mL) and t hen  acet i c  
anhyd r i de ( 1 . 7  mL) . Aft e r  the sec ond reac t i o n  s tep , 
pyr i d ine ( 0 . 2 mL ) was added , and the typ i cal ext ract ion 
s equenc e was empl oyed us ing chlo rofo rm ( 5 mL) and wat e r 
( 3 x 1 0  mL) . T o  th� s e c ond wash  s olut ion  was added 
pyr i d i ne ( 0 . 2 mL ) . S o lut i ons such as this  are s t ab le ( in  
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t e rms of the result ing i ntegrat o r  count ) fo r mo r e  than a 
year . A typ i c al us e of  th is  refe renc e  s olut ion  i s  t o  s et 
the Vari an V ista sys tem at an attenuat i on o f  5 1 2 ,  and to  
inj e c t  1 uL o f  c al ib rat i o n  s o lut i on y i elding e s s e nt ially 
full scale peak d eflect i ons and area counts in the range 
of  one million . 
The ab ove c al ib rat i on s o lut i on is  fi rs t us ed  on 
an init ial chr omat ograph i c  run to estab l i sh the r e tent i on 
t ime fo r each p e ak c o r r es pond ing to  a given  d e r ivat ive of 
a sugar to  be analyz ed and fo r the retent ion  t ime of  the 
int e rnal standard the fundame ntal parame t e rs fo r 
c omputat i ons of  futur e  unknown ch romatographi c  run s . Then 
a s ec ond chr omat ograph i c  run is mad e with the r e fe re�ce 
s o lut i on ,  and the rec o rd ing·· integ rat or  programmed  to 
respond to each spe c i f i c  sugar d e r ivat ive , as i d ent i f i ed 
by the prev ious ly estab l i shed retent i on t imes  to  
e s tab l i sh �elat ive £espons e fact ors ( RRF) fo r e ac h  peak .  
All re c o r d ing i nt egrato rs require  spe c ifi c values 
fo r ( a ) relat ing spec ific  operat ional detai ls such as · 
o r iginal sample  s iz e , and the amount of int e rnal s tandard 
and ( b ) the opt imi z at ion of the calculat i on w i th d e c i s i ons 
fo r peak cho i c e ,  bas e-l ine estab l i shme nt , e t c . The 
following l i s t  id ent i fi e s  the paramet e rs emp loyed fo r the 
wet-we ight pe rc entage calculat ions by the Var ian V is ta 
sys tem ,  and als o  the parame t e rs us ed fo r the aut omat i c  
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APPEND IX .B 
RETENTION TIMES, RELATIVE RETENTION TIMES , AND EXPECTED 
CHEMICAL IONIZATION M/e VALUES OF REFERENCES 
RET . RRT COMPOUND NORMAL N- 1 5 DEUT . 
TIME �M+1 8 )  ( M+ 1 8 )  (M+ 1 8 ) 
2 . 50 0 . 63 ERYTHROSE 26 1 262 270 
3 . 40 0 . 85 ERYTHRITOL 308 320 
3 . 5 0  0 .88 DIGITOXOSE 289 290 298 
3 . 70 0 . 93 2-DEOXY-RI:BOSE 275 276 284 
3 .80 0 .95  METHYl-bet a-D-
XYLOPYRANOSIDE 308 3 1 7  
4 . 00 1 . 00 RHAMNOSE 347 348 35 9  
4 . 1 0  1 . 03 RIBOSE 333 334 345 
4 . 40 1 . 1  0 XYLOSE 333 334 345 
4 .80 1 . 2 0  RIBITOL 380 . 395 
5 . 1 0 1 . 28 2-DEOXY-GLUCOSE 347 348 3 5 9  
5 . 50 1 . 38  METHYL-be ta-D-
GLUCOPYRANOSIDE .380 392 
5 . 60 1 . 40 GLUCOSE 405 406 420 
6 .00 1 . 5 0  RIBULOSE 393 394 408 
6 . 1 0 1 . 53 INOSITOL 450 468 
6 . 20 1 . 5 5  SORBITOL 452 470 
6 .30 1 . 58 LINAMARIN 433 445 
6 . 50 1 . 63 N-ACETYL-GLUCOSAMINE 404 405 4 1 6  
6 .70 1 . 68 GLUCOHEPTOSE 477 478 . 495 
6 . 80 1 . 70 LOTAUSTRALIN 447 459 
7 . 1 0  1 .78 FRUCTOSE 465 466 483 
7 . 30 1 . 83 PERSEITOL 524 5 45 
8 . 30 2 . 08 MANNOHEPTULOSE 537 538 558 
9 . 5 0  2 . 38 SALIC IN 5 1 4 529 
1 0 . 9 2 . 73 MALTOSE 693 694 7 1 7 
1 1 . 3 2 .83 SUCROSE 696 720 
1 1 . 3 2 .83 CELLOBIOSE 693 694 7 1 7  
1 1 . 3 2 . 83 LAMINARABIOSE 693 694 7 1 7 
1 1 . 3 2 .83 TREHALOSE 696 720 
1 2 . 5 3 . 1 3 GENTI OBI OSE 693 694 7 1 7  
TABLE 1 
REPET IT IVE 3 uL INJEC T I ONS O F  THE SAME REFERENCE S O LUT I O �  
Re c o rd ing I nt egrat o r  C alculat ions fo r a Hypothet i cal Wet-
We ight P e r c ent f r o1a the  GC  P eaks of the B e l ow S ugars [ a ] 
I nj e ct i on 
# D-G luco s e  So rb it o l  D- Fructos e Suc r os e 
1 05 73 1 1 6 85 
2 1 05 74 1 1  6 87 
3 1 04 73 1 1 1 84 
4 1 05 72  1 1  5 86 
5 1 07 73 1 1 3 87 
6 1 06 74  1 1  4 87 
7 1 07 73 1 1  6 85 
8 1 06 72  1 2 1 84 
9 1 04 72 1 1 7 87 
xm 1 05 . 4
[ b ] 72 . 8  1 1 5 . 4  85 .8  
sn- 1 1 • 1 0 . 8 2 . 8 1 . 3  
[ a] Th e ch romat o graph i c  c ond it ions are des c ribed  in 
Appe nd ix  A ,  an d these  c � l c u l at i o ns a r e r e lat ive t o  a n  
i nt e r nal s t a nd ard  of  t he PAA..W de rivat i ve of  L- rhamno se 
[ b ] Fo r  t h e  l A.s t  t wo l i nes  " x  " is th e m e an o f  t he ab ove 
values , and s n_ 1 is the s�andard d e vi at ion  of t h o 8 e  v�lue s . 
7 9 
8 0  
T A BLE 2 
T R. I P ti C A�r :8J 3 uL INJEC T I ONS FROM FIVE P AHALLEL D ERIVAT IZA­
r r i ONS O F  T HE  SAME RE FERENCE SOLUTION 
Hec ord i ng Int egrat or Calculat ions fo r a Hyp o thet i cal We t­
We ight Pe rce nt f r om the G C  Peaks of the D e r i vat i ves  of 
the Be low Sugars [ a] 
Inj e c t . D e r i v . 
# # D-Glucose  S o rb itol D- Fruct o s e  Sucrose  
R9 1 05 73 1 22 85 
2 R9 1 05 74 1 1  6 87  
3 R9 1 05 73 1 08 84 
4 R 1 0 1 1  0 78 1 1 6 86 
5 R1 0 1 09 - 75 1 1  6 87 
6 R 1 0 1 1 1 77 1 1 1  87 
7 R1 1 1 1 1 73 1 1  5 85 
8 R 1 1 1 1 1 72  1 1 3 84 
9 R1 1 1 1 3 74 1 1 4 87 
1 0  R1 2 1 05 78 1 1  6 82  
1 1  . R 1 2 1 07 8 1  1 25 83 
1 2  R1 2 1 06 73 1 1  7 n 2  
1 3  R 1 3 1 07 T5 1 2� �3? 
1 4  R1 3 1 06 72 1 2 7 84 
1 5  R 1 3 1 04 72 1 26 82 
x m  all 1 07 . 7 [ b ] 74 . 5  1 1  7 .  8 84 . 7  
8 n- 1 all 2 . 9 2 . 7  5 . 8 1 • 9 
( [ a ]  and [ b ]  a r e th e 8 �ae footnotes as in T ab le 1 )  
TABLE 3 
INJECTIONS FROM DERIVAT IZAT I ONS FROM THE SAME EXTRACT  
SOLUT ION OF PLANT T I SSUE ( PETALS OF THE HAWTHORNE , 
C raategus S£ . ) WITH VARYING EVAPORAT I ON PROCEDURE S  
BEFORE DERIVA T I ZATION 
Re c o rd ing I nt e g r at o r  Calc ulat ion fo r the Wet-We igh t  
P e r c e nt o f  t h e  Be low Sugar in Te rms of the O r iginal 
T i s sue [ a] 
Bvap . [ b ]  Re f . [ c ] D-Gluc ose  S o rb i t ol D- Fruct os e Suc r os e  
A ( - ) 1 . 34 0 . 5 06 0 . 9 1 1 . 30  0 .  1 6 1 
B ( 85 ) 1 . 42 0 . 63 8  1 . 00 1 • 1 5 0 . 1 6 0 
c ( 70 ) 1 . 44 0 . 7 1 5  1 . 00 1 • 22 0 . 1 6 6 
D ( 5 0 ) 1 . 3 9  0 . 6 4 1  1 . 00 1 • 1 3 . 0 . 1 6 6 
c ( 70 ) [ d ] 1 . 45 0 . 7 1 3 0 . 954 1 . 1 9  0 . 1 6 6 
c ( ? O ) [ d ] 1 . 48 0 . 6 9 8  0 . 96 1  1 . 2 09 0 . 1 6 7 
c ( 70 ) [ d ] 1 . 43 0 . 7 1 8 0 . 965  1 • 23 2 0 . 1 6 3 
c ( 70 ) [ d ] 1 . 46 0 . 7 1 5 0 . 95 7  1 . 2 04 0 . 1 6 0 
xm [ e ] 0 . 7 1 1 . 0 . 959  1 . 208 0 . 1 64 
sn- 1 [ e ] 0 . 0089 0 . 0048 0 . 0 1 8  0 . 003 2 
[ a] 
[ b ] 
[ e ] 
Calculat ed relat i ve to  the p e ak o f  the L- rhamnos e  
int e rnal s tandard . 
Evapo rat i o n  c ond i t i o ns , r e fe r  t o  t h e t e xt fo r 
spec ific c ond i t i ons . The numbe r in parenthes is  is  
t he b l o c k tempe rature in °C .  
R e fe r e nc e  area c ount ( in m i l l i o n ) on the V i s ta system 
T he a ve rr:tge o f  t·w:o c h r o rnat og r:-lms f r om a s ingle 
d e r ivat izat i o n . 
The mean and the standard dev iat ion are cal culat ed  
fo r the l as t  fott r " c o t1 d i t i o t1 C "  d e t e rnLL nr-1.t i o n s . 
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TABLE 4 
LINEARITY OF THE FID DETECTOR RESPONSE WITH A CONSTANT INTERNAL STANDARD AND 
VARYING AMOUNTS OF  C OMPARISON SUGARS 
Detect or  Response ve rs es  Actual Amount In j ected i n  T e rms o f  ugm . 
D i luti on D-Gluc ose S o rbitol 
Rat io [ a ] I nj [ b ] Res [ b ] I nj Res 
0 . 25  1 . 95  2 . 1 1 [ c] 1 .  28 1 . 40 
0 . 35 2 . 80 2 . 95  1 . 82 1 • 96 
0 . 50  4 . 24 4 . 2 1  3 . 62  2 . 80 
0 . 75 6 . 34 6 . 3 2  4 . 86 4 . 20 
1 . 00 8 . 42 [ d ] 8 . 42 . 6 . 07 5 . 60 
1 . 25  1 1  . 82 1 0 . 53 7 . 77 , 7 . 00 
1 .  50 1 2 . 82 1 2 . 63 8 . 87 8 . 40 
2 . 00 1 7 . 1 8  1 6 . 8 1  1 1 . 20 [ d ] 1 1 . 20 
2 . 50  2 1 . 59 2 1  . 09 1 3 . 76 1 4 . 00 
3 . 00 24 . 9 1  25 . 29 1 5 . 43 1 6 . 80 
3 . 50  29 . 3 2  29 . 53 1 7 . 62 1 9 . 60 
D-Fructose 
Inj Res 
1 .  78 3 . 32 
3 . 48 4 . 66 
5 . 60  6 . 6 5  
9 . 3 0  9 . 98 
1 2 . 38 1 3 . 30 
1 7 . 3 5  1 6 . 63 
1 9 . 95 [ d ] 1 9 . 95 
27 . 24 26 . 60 
33 . 22 33 . 25 
3 6 . 9 1  3 9 . 90 
42 . 22 46 . 5 5 
Suc rose 
I nj Res 
4 . 09 4 . 08 
5 . 68 5 . 7 1  
8 . 22 8 . 1 5  
1 2 . 4 1  1 2 . 23 
1 6  . 3 0 [ d ] 1 6  . 3 0  
2 1  . 5 7 20 . 38 
24 . 54 24 . 45 
3 2 . 92 3 2 . 63 
4 1  . 63 40 . 84 
48 . 5 1 48 . 92 
5 8 . 0 1 57 . 1 2  
[ a] The d i lut ion  rat i o  desc ri bes the amount of  L- rhamnos e  ad de d ,  re lat i ve to  
the othe r sugars , and i s  d e fined i n  t he text . 
[ b ] The te rm " Inj " r efers t o  the amount of sugar d er ivat ive ( base d  on  the 
weight of the o r iginal sugar ) used  in  each inj e ct ion . "Res " r eferss t o  
the d etector  respons e i n  units wh ich a re no rmal iz ed t o  th e amount  of 
inj ected  sugars . 
[ c ] Each r espons e  value repres ents the ave rage of thre e chromat ograph ic  runs . 
[ d ] This  i s  the spec ific value whi ch was normal ize d  for the d et ecto r r espo ns e . (X) 
1\.) 
TABLE 5 
LINEARITY OF THE FID DETECTOR RESPONSE WITH  BOTH A CONSTANT INTERNAL STANDARD 
LEVEL AND A C ONSTANT AMOUNT OF SUGAH EXTRACT FROl� A PLANT T ISSUE ( PETALS OF THE 
HAWTHORNE , C rategus �· ) ,  BUT WITH VARY{N"G AD D I T I O N· A �L Al\fOUNTS O F  ADDED SUGARS 
I n c r e a s e d  P e r ce ntage Wet-Weight of Sacchar ide  Calculated  by the Reco rd ing 
Int egrator  ( based  upon GC Response )  Compared t o  the Amount o f  Sac char ide  that 
would have been Added to the Plant T is sue due to the Added  SA.c eh::t r .i. d e Vo ltvue 
Volume 







Inj [b ] Rec [ c ] 
0 . 00 0 . '7 1 [ d ] 
0 . 3 9 0 . 40 [ e ] 
0 . 78 0 . 79  
1 . 1 7  1 . 1 7  
1 . 5 6  1 . 5 5  
So rb i t o l  
Inj [ b ] Rec [ c ] . 
o . oo 0 . 96 [ d ] 
0 . 3 6  0 . 3 5 [ e ] 
.0 . 7 2  0 . 73 
1 • 08 1 • 05 
1 . 4 0  1 . 3 5 
D-Fructos e 
Inj [b ] Rec [ c ]  
0 • 00 1 • 2 1  [ d J 
0 . 54 0 . 54 [ e ] 
1 • 08 1 • 1 0 
1 . 62 1 . 60  
2 . 1 6  2 . 2 1  
Suc rose 
I n j [ b ]  Rec [ c ] 
0 . 00 0 . 1 6 [ d ]  
0 . 1 2 0 . 1 3 [ e ] 
0 . 24 0 . 24 
0 . 36 0 . 3 5  
0 . 48 0 . 46  
� [ aJ -The �voiunie -of �the -add f ti  onai-sac char ide  s ol ut fon rrn -u:LJ • 
[ b ]  " I nj " refers t o  the calculated  amount of ext ra percent wet-we ight sugar 
whi ch would have been  1n  one gram of  plant t L3 f3 W� e x:t ract � b as ed upon both 
the volume and concent rat ion  of the ad ded s ac char ide  s o lut io n .  
[ c ] " Re c "  refe rs t o  the i nc rease ( over the o r iginal wet-we ight  p e r ce ntr:i;ge o f  
that sac char i d e )  l n  �et- we ight pe rcentage as c alculated  by the  r ecord i ng 
integrato r .  
[ d ]  The wet-we igh t pe rcent age i n  each ext ract f r o ra the o r igi nal "un-spike d " 
Hawtho rne petals . 
[ e ] Th is  value , and all values i n  t he be low c olumn , r efe r  t o  the  d ifference 
between the percent \.ve t- we .i. gh t  value c alculated by the re co rd ing i ntegrato r  
and the above " d "  value fo r a " non-sp iked "  s olut ion . Each  o f  these wet­
we ight pe rc entage values i s  the mean of the values fro rn t w-o ch r o raat og r amn 
each of two d e r ivat i veG  f r o ru (� riOh of  t w-o sp iked s olut ions . S e e  the 
p e n t u l t i m A.t e  l i ne i n  T ab le 3 fo r the data  for the non-sp iked s olut ions , 




AGREEMENT Olt' THE ANALYS"f!JS OF l''REE SUGARS IN THE EXTRAC TS OF PLANT T IS SUJ<]S OF 
SIMILAR SOURCE ( PETALS OF T HE  WILD ROSE , TAKEN AT THE SA:m T Hll<J) BUT FROM 
D I FFERENT I ND IV I D UAL PLAN T S  WHi CH WERE SEPARATED FROM EACH O THER BY PIV J•! i11 1<lT.8 K  
INTERVALS 
Wet-we ight Sugar P e r ce nt ages , Bas ed upon the FID D e t e c t o r  Re spons e f r om Gas 
L i qu i d  Chromat ography [ a] 
P lant [ b ]  D e rivat ive [ c ] I nj e ct i on 











1 1 1 . 86 0 . 1 1  1 . 6 7  0 . 20 
1 2 1 . 84 0 . 1 0  1 .  73 0 . 20 2 1 1 • 79 0 . 1 1  1 . 6 0  0 . 1 9 
2 2 
Avg 
1 . 82 0 . 1 1  1 . 7 0  0 . 20 
1 . 83 [ d ] �[ e ]  1 . 6 7  0 . 20 
1 1 1 . 7 6  0 . 1 0  1 . 6 2  0 . 2 1 
1 2 1 . 78 0 . 1 0  1 • 6 5 0 . 2 1  
2 1 1 . 8 1  0 . 1 0  1 . 5 5  0 . 2 1  
2 2 1 . 80 0 . 1 0  1 . 5 6 0 . 20 
Avg 1 .  79- 0 . 1 0 [ e ] 1 . 6 0  0 . 2 1  
1 1 1 . 81 0 . 1 1 1 . 6 6  0 . 22 
1 2 1 . 83 0 . 1 1  1 . 6 7  0 . 2 1  
2 1 1 . 81 0 . 1 1 1 . 6 6  0 . 22 
2 2 
Avg 
1 . 84 0 . 1 1 1 .  74 0 . 2 2 
1 . 82 0 . 1 1 [ e ]  1 . 6 7  0 . 22 
The t is sue s ampl e s  we re p repared and analyzed as d es c ri b e d  i n  Append i x  A .  
See the text fo r the lo c at i on of the spe c i fi c plant s . 
T h r e e  flowe rs were t aken f r om each p l ant and the pet als c ommi ng l e d  i nt o  a 
s ingle ext ract . Each ext ract was d e r i vat ized once , and e ach d e r i vat i ve was 
chromat ographed t w i c e . 
The und e r l i ne d  values r e p r e s ent the mean of the ab ove four value s . 
Thes e d ata are sh own as c al culat e d , but actually rep r e s e nt t h e  s i d e-product 
of the L- rhamn o s e  i n t e rnal s tandard . NO s o rb i t o l  was i d ent i f i e d  i n  thes e 
ext r ac t s . 
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TABLE 7 
DANDELION ( Taraxacum offi c i nale ) :  A TRANSVERSE STUDY ( IN 
TE R.l\13 O J:!, '�C IJVL8) OP THE WET-WEIGHT PERCENTAGES OF THE l"'AJ OR 
FREE SUGARS PRESENT IN THE T ISSUES OF THE STEM 
Wet- we i gh t Suga r P e r c e ntages , Bas ed upon  the FID dete ct o r  
Respons e  from Gas L i qu id  C h romat ography[ a]  
Day[ b ]  Sample D - G luc os e S o r b i to l  D - F ru c t os e  Suc r o s e 













0 . 83 ( d ]  
1 . 33 
1 • 08 [ f J 
1 . 44 
1 . 6 4 
1 . 54 
1 • 1 4  
1 . 27 
1 • 2 1  
1 . 09 
1 • 1 0 
1 . 1  0 
O . O O [ e ] . 0 . 05 0 . 2 2 
0 . 00 0 . 06 0 . 28 
0 . 00 0 . 06 0 . 2 5  
0 . 0 1 0 . 25 0 . 28 
0 . 00 0 . 1 3  0 . 3 1  
0 . 00 0 . 1 9  0 . 3 0  
0 . 0 1  0 . 1 6  0 . 2 6  
0 . 0 1  0 . 26  0 . 44  
0 . 0 1  0 . 2 1  0 . 3 5  
0 . 00 0 . 1 2 0 . 26  
0 . 0 1  0 . 1 0  0 . 28 
0 . 00 0 .  1 1  0 . 27 
[ a] T he t issue samples we re p repare d and analyz e d  a s  
d e f i n e d  i n  App e nd i x  A .  · 
� b� � Sequent ial days , s tart ing June 27 , 1 9 86 . 
The sample a re as are de f i ned i n  the t ext . 
The ave r age of two ch r omatograms , one each f r o m. 
dupl i c a t e  cl e r i vat i z at i o ns o f  a s i n.g l e  (� >C t c a c t  :f r o r11 
th ree  plants . 
[ e ]  All value s i n  t h i s  c olumn we r e  su.b t r A. c t e d �f r o rn 0 .  o � g  1 
the ave rage value of  the s i de-product of L- rhamn os e . 
[ f ] The unde rl ined  values are t h e  ave r age o f  t he ab o v e 
two d e t e rm i nat i on s  ( the ave rage of the two a re as 
sample d )  . 
[ g] No samples  w e r e  c o l le c t e d  on t h e  t h i rd d ay .  
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TAB1E 8 
THE FID DET T�C �-r O .H RES PO I'fSE FOR THE PEAK AREAS OF  
CHRO lVIATOGRAl\1S :B,ROM DERIVAT IZAT IONS WITH D IFFERING 
REACT ION T IMES FOR THE FIRS T ( OXIME-FORMAT ION)  STEP 
FID Respons e  o f  the G C  P eaks as A r e a  C ounts fo r the 
S tart ing Sugars [ a] D e r ivat ives Result ing from the Below 
T i me 
( rn i n ) [ b ]  L-Rhamnos e D-Gluc os e S o rbitol  D-Fruct os e Suc rose 
1 0  1 . 1 0 [ c ] 1 . 22 1 . 54 1 • 1 9 2 . 84· 
1 5  1 . 1 0 1 . 24 1 . 5 5  1 • 1 5 2 . 85  
20[  d ] 1 . 07 1 • 22 1 . 56  1 • 1 6  2 . 80 
2 5  
[ a] 
[ d ]  
1 • 05 1 • 1 9  1 • 50 1 • 1 6  
S ee the t ext for the prep�rat ion of these  
d e rivat ives . 
2 . 77 
The f i r s t  s tep ( ox ime- format ion ) react i o n  t ime . 
A rea count s ( in  milli ons ) from the Var i an V i sta 
sys tem . The  react ions we re done in  dup l i cat e fo r 
each c ond it i on , with each react i on ext ract 
chromatographed  tw i c e . The refo re , each value i n  
this tab le i s  the ave rage of four ch romatograms . 
Th is l ine c o r re s p o n d s  t o  the " s tandard " react ion  
cond it ions i n  Append i x  A ,  and is  the same data  in  
l ine 3 of  T ab l e 9 .  
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T ABLE 9 
T HE FID . D  8T fi.JG 'P O R  RESPONSE FOR THE PEAK AREAS O F  
CHRO I\T.ATOGRA.l�S FRO M DERIVAT IZAT IONS WI TH D I FFERING 
REA CT IO N. T I J���S  FO R T HE  SECOND ( ACETYLAT I ON)  S TEP 
FID Respons e  o f the G C  P e aks a s  Area C ount s  fo r the 
Star t i ng Sugars [ a] D e r i vat ives Result ing f r om the Below 
T i me 
( rai n ) [ b ]  L-Rhamno s e  D-Glucose  S o rb i t ol D- Fruc t o s e  Suc r os e  
20 0 . 98 [ c ] 1 . 1 2 1 . 49 1 . 1 3  2 . 67 
2 5  0 . 97 1 • 1 1 1 . 44 1 • 1 3  2 . 5 9  
3 0 [ d ] 1 . 07 1 . 2 2  1 . 5 6  1 • 1 6  2 . 80 
3 5  
[ a] 
[ d ] 
1 . 09 1 . 24 1 . 5 7  1 • 1 8 
See  the t ext fo r the prep�rat ion  o f the se 
de r ivat i ves . 
2 . 85 
The s e cond s t ep ( ace tylat i on )  react i o n  t ime . 
A rea c ounts ( in mi lli ons ) from the Var i an V ista  
sys tem . The r eadt ions we re done i n  dupl i cat e f o r  
each c ond it i o n ,  with each react ion  ext ract 
chr omat ographed tw i c e . The refo re , e�ch val u e  i n  
this tab le is the ave rage of fou r  ch r o matogra ,-us . 
T h is line c o r re sponds to  the " st andard " r e a c t  j_ o  r1 
cond it i ons  i n  Appe nd i x  A ,  and i G  the 8 8.1 !1 e  d :-tt r-t  :L r1 
l ine 3 of  T ab le 8 .  
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TABLE 1 0  
C O .IVTP ARISON OF THE PEAK AREAS OF CHROMAT OGRAMS RESULT ING 
FROM A UNIFORM AMOUNT OF START ING SAC CHARIDE ·�vHICH  WAS 
DERIVAT IZED BY ALTERl�AT IVE PROCEDURES 
FID Response  of the GC Peaks as A rea  C ount s fo r the 
D e r ivat ives Result ing from t he Be lo·w· Start ing S ugar s [ a] 
8 8  
Method 
( by the 
c atalys t ) L-Rhamnos e D-Glucose S o rb i t o l  D - "P r uc t o s e  Suc rose  
Pyr id ine 
[ b ] 
1 . 05 [ c ] 1 • 1 9  1 . 54 1 • 1 8  2 . 82  
NMIM [ d ] 0 . 63  0 . 78 1 • 1 6 0 . 4 0  2 . 37  
DMAP [ e ] 1 . 04 1 • 23 1 . 5 0 1 • 1 5 2 . 87 
[ a ] Area count ( in  m i l l i ons ) fo rm the V ar i an V i s t a  syste rn 
when 4 uL samples we re  inj e cted  w i th a C h an ey �d �pte r . 
[ b
0
] The method d e s c r i b e d  i n  Append ix A .  
[ J Values es tab l ished from . the ave rage o f  dup l i cate 
inj e ct i ons of  dup l i cate  react ions fo r e ach  r e act i o n 
cond i t i on ( an ave rage of four values ) . 
[ d ] The metho d o f  Chen and McGinnis ( wh i ch emp l oy e d  
N-me thyl- imi dazole ) as des c r ibed  in  refe re n c e  3 6 . 
[ e ] ' The metho d of Gue r rant and Moss ( wh i ch employ e d  
d imethylam inopyrid ine ) as des c r ib ed in  refe r e n c e  38 . 
TABLE 1 1  
COMPARISON OF THE PEAK AREAS OF  CHHO IVIATOGRAMS RESULTING FROM UNI FORIVI AMOUNTS O F  
STARTING SAC CHARIDES WITH THE AC -� 'f ¥  LAT I Olf S T EP CATALYZED B Y  T EN PERCENT 
N-METHYL-IMIDAZOLE UNDER VARYING R � A C T I ON COND IT IONS 
F ID Re sponse of the GC Peaks as Area  C ounts [ a ] fo r the  D e r ivat ives  Result i ng 
fr om t h e B e l o vr S t art i ng S acchar i d es 
Tem:r: � rature 




T ime L-Rhamnose  
( 1n i n )  
5 0 .68 [ b ]  
1 0  0 . 98 
2 0  1 . 07 
D-Gluc ose  
0 . 82 
. 1 • 01 
1 • 1 1 
S o rb it o l  D-Fruct os e S uc r o s e  
1 . 05 0 . 97 2 . 38  
1 . 37 1 • 0 1  2 . 58  
1 . 4 5  1 • 1 3  2 . 7 5 
[ � J  � r e� c o u n t s  ( i n  mi l l i o ns ) from the Var i an V ista  syste m ,  when  4 uL samples  
we re  i nj ected w i th a Chaney adapt e r . Due  to  i dent ical amounts  o f  s tart i ng 
mate rials , and i de nt i cal ext ract ion and chromatograph i c  p r o c e d u r e s , the 
data in this  tab le may be d i rectly c ompared to thos e in  T ab les  8 ,  9 ,  1 0 , 
and 1 2 . 
[ b ]  These values are the ave rage o f  dupl i cate d e r ivat izat ions fo r each r eact ion  
c ond it i on ,  and the  dup l i cat e inj ect i on of the ext ract of  each 
d e r i vat i zat ion . 
co 
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TABLE 1 2  
COMPARISON OF THE PEAK AREAS O F  CHROMATOG RAlVJS RESULTING FROIVJ UNIFORM AMOUNTS  O F  
START ING SACCHARIDES WITH THE ACETYLAT IO�  STEP , OF T E N MINUTES DURATION ,  
CATALYZ ED B Y  VARYI N"G P �J RC -8J IV�� Acr�J S O P  l'f- iVIETHYL- IlVIIDAZOLE 
FI D Respo ns e of t h e  GC P e aks as A r e a  C ount s [ a] fo r t h e  D e r i vat i ves Resul t i ng 
f r o m  t he B e l ow S ta r t ing S ac ch a r i d e s  
NMIM .NMIM t o  
Ad d e d  Py r i d i ne Tr- Hh amn os e D- Gluc os e S o rb i t o l  D - F ruc t o s e  Suc r os e  





1 5 0 
[ a ] 
[ b ] 
Rat i o  
1 : 8  0 . 98 [ b ] 1 . 1 1  1 . 3 5  1 • 1 3  2 . 5 9  
I 
1 : 4  0 . 9 1  0 . 9 9  1 . 24 0 . 89 2 . 3 7 
1 : 3  0 . 9 6 0 . 98 1 • 2 5  0 . 7 8 2 . 3 9  
1 : 2 0 . 95 0 . 98 1 . 3 4 0 . 5 6 2 . 4 8  
1 : 1 • 3 0 . 83 0 . 7 9 1 • 1 3  0 . 1 9  2 . 4 8  
A r ea c ount s ( i n  m i l l i o ns ) f r om t h e  V a r i an V i s t a  sys t em ,  whe n  4 u L  s amp l es 
we re i n j e c t e d  w i t h  a C h aney a d apt e r . D ue t o  i d e nt i ca l  amoun t s  o f  s t ar t i ng 
mat e r ials , a nd i d e nt i c :-:tl e x: t raet i o n  and e h r o mat o g ra})h i c  p r o c e d u re s , the 
d at a  in t h i s  t ab l e  may b e  d i r e c t ly c ompa r e d  to th o B e  in T r1b l e �3 R t h r· o t:tGh 1 1 , 
D at a  f r o m  s i ngle i n j e ct i o n s  o f  a s i ngl e d e r i vat i v e  fo r e ac h  r e ac t i o n  
c o nd i t i o n .  \0 0 
TABLE 1 3  
CANADA THI S T J.J�HJ ( C i rs ium arvens e ) : A TRANSVERSE STUDY ( IN 
TERMS OF T IME ) OF  THE WET-WEIGHT PERC -ENTAG· I�S O F  T HE MAJ O R  
FREE SUGARS PRE SENT IN THE T ISSUES O J:i1 THE S T .EM 
Wet-we ight Sugar P e r cent ages , Based  upon the FID dete c t o r  
Respons e  fr om Gas L i quid  Chromatography [ a ] 
Day [ b ] Sample D-Glucose  S o rbitol  D-Fruct os e Suc ros e 













0 . 1 6 [ d ] 
0 .  1 1  
0 . 1 4 [ f]  
0 . 03 
0 . 04 
0 . 04 
0 . 07 
0 . 08 
0 . 07 
0 . 05 
0 . 1 3  
0 . 09 
O . OO [ e ] 
0 . 00 . 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 29 
0 . 29 
0 . 2 9  
0 . 1 2 
0 . 24 
0 . 1 8  
0 .  1 5  
0 . 1 9  
0 . 1 7  
0 . 1 2 
0 . 2 1  
0 . 1 6  
0 . 3 7  
0 . 44 
0 . 4 5  
0 . 43 
0 . 46 
0 . 45 
0 . 76  
0 . 84 
0 . 80 
0 . 6 2  
0 . 83 
0 . 72  
[ a ] The t is sue s amples  we re  p repare d and analyz ed as 
defined i n  Append ix A .  
[ e J 
[ f ] 
[ g] 
Sequent i al d ays , s tart ing June 27 , 1 986 .  
The s ample areas are d efined in the t ext . 
The ave rage of  two ch romat ograms , one each  from 
dupl i cate d e r ivat izat io ns of a s i ngle e xt ract fr om 
three plants . 
All values in  this  c o lumn we re sub t racte d  f ro H l  0 . 028 , 
the ave rage value of the s i de-pro duct of  L- rh��no s 8 . 
The unde rl i ned values ar e the ave rage of  the  ab ove 
two dete rminat i ons ( the ave rage of th e two areas 
sampled ) . 
No samples we re  c o lle cted on the thi rd day . 
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TABLE 1 4  
FIELD BINDWEED ( C onvolvulus arvens is ) : A TRANSVERSE S TUDY 
( IN T ERMS OF TIME) OF THE WET-WEIGHT PERCENTAGES OF  THE 
MAJOR FREE SUGARS PRESENT IN THE T I SSUES O F  THE S T EM 
Wet-we ight Sugar P e rcentage s , Based  upon the FID d et e c t o r  
Re sponse fr om Gas L iqui d Chr omat ography [ a ] 
D ay [ b ] Sample D-Gluc ose  S o rb itol  D-Fruct o s e  Suc r o s e  
Area [ c ] 
1 1 0 . 3 0 [ d ] O . OO [ e ] 0 . 00 0 . 3 4  
1 2 0 .  1 1  0 . 00 0 . 00 0 . 33 
1 4.vg 0 . 20 [ f ] 0 . 00 0 . 00 0 . 34  
2 1 0 . 2 2  0 . 00 0 . 00 0 . 4 2  
2 2 0 . 1 2  0 . 00 0 . 00 0 . 3 1  
2 Avg 0 . 1 7  0 . 00 0 . 00 0 . 3 7 
4 [ g ] 







[ e ] 
[ f ] 






0 . 2 1  
0 . 2 1  
--
0 . 42  
0 . 5 6 
0 . 49  
0 . 00 0 . 00 0 . 67 
0 . 00 0 . 00 0 . 63 
o . oo · 0 . 00 0 . 5 9  
o . o o  0 . 00 0 . 7 ?.. 
0 . 00 0 . 00 0 . 6 6 
The t is sue s amples we re  prepared  and analy z e d  a s  
d efined in Appe nd ix A .  
S equent ial days , s t art ing June 2 7 , 1 986 . 
T he sample  areas are de fined in the text . 
The ave rage o f  two chromat ograms , one e ach fr om 
dupli cat e de r i vat izat i ons of a s ingle ext rac t from 
three  plant s . 
All values in this  co lumn we re subt racted  f r o ra 0 .  0?..8 ,  
the ave rage value of  the s ide-p roduct of  Tr- r h ::::t:ra11. o :s e . 
The unde r l ine d  values are the ave rage o f  t h e  �b o ve 
two dete rminat i ons ( the a ve r r:t3e of th e t .-ro H. r· r� r-t8 
s ampled ) . 
No sample s  we re c o llected  on  the th i r d  d ay ,  
92 
TA BLE 1 5  
THE ELECTRON IMPACT-MASS SPECTRUM FRAGMENTATION IONS 
OF THE PAAN/PAKO DERIVAT IVES OF DISACCHARIDES 
Sucros e  
1 03 ( 5 , 0 , 4 
c!: 7 ) 
1 09 ( 50 ,  o ,  0) 
1 1 5 (  1 0 , 0 , 3  
c!: 4 )  
1 27 (  1 5 ,  o , 1 
1 35 (  5 ,� .� l 
1 39 (  5 , 0 , 3  
1 45 (  5 , 0 , 9 )  
1 5 7 (  5 , 0 , 6 )  
1 69 ( 1 00 , 0 , 3  
&: 4 )  
1 87 (  5 , 0 , 1 0 ) 
1 97 ( 5 , 0 , 0 ) 
200 ( 1 , 0 , 7 )  
2 1 1 ( 70 , 0 , 6 ) 
271 ( 5 , 0 , 9 )  
33 1 ( 60 , 0 , 1 2 ) 
T rehalos e 
1 03 (  5 , 0 , 4  
c!: 7 ) 
1 09 (  50 , 0 , 0) 
1 1 5 ( 1 5 , 0 ,3 
c!: 4 )  
1 27 ( 1 5 , o , 1 
1 35 (  5 ,� . � l 
1 3 9 ( 1 0 , 0 , 3  
1 45 (  1 0 , 0 , 9 )  
1 5 1  < s· , o , 6 > 
1 69 ( 1 00 , 0 , 3  
&: 4 )  
1 87 ( 5 , 0 , 1 0 ) 
1 97 ( 2 , 0 , 0 ) 
200 ( 2 · 9 ·  7 ) 
2 1 1 (  5 , 0, 6 ) 
242 ! 5 ,0 , 9 l 243 2 , 0 , 9  27 1  1 0 , 0 , 9  
33 1 ( 35 , 0 ,  1 2 ) 
Malt ose 
1 03 ( 2 0 , � , t j· 1 09 ! 30 , 0 , 0 1 1 2 45 , 0 , 3 
1 1 5 25 , 0 ,3 
&: 4 )  
1 27 (  20 , 0 , 1 
& 2  
1 35 60 , 0 , 0  
1 39 1 5 , 0 , 3  
1 40 3 5 , 0 , 3  
1 4 1  1 5 , 0 , 3  
1 44 1 0 , 0 , 6  
1 45 _50 , 0 , 6 
& 9 ) 
1 5 7 (  50 , 0 , 6 ) 
1 69 ( 1 00 , 0 , 3  
& 4 )  
1 97 20 , 0, 0 
200 25 , 0 , 7 
2 -1 1 1 0 , 0 , 6 
2 1 7 2 , 0 , 4  
242 3 0 , 0 , 9  
243 20 , 0 , 9  
3 1 4 ! 70 , 1 , 9 l 3 28 70 , 1 , 1 2  
33 1 55 , o ,  1 2  
Gent iobiose 
1 03 ( 
1 09 ! 1 1 2 1 1 5  
1 27 (  
1 3 5  
1 3 9  
1 40 
1 4 1  
1 44 
1 45 
1 57 (  
1 6 9 ( 
::t�j 25 , 0 , 3  
25 , 0 , 3  
&: 4 )  
1 0 , 0 , 1 
& 2 
1 5 , 0 , 0 
1 0 , 0 , 3  
20 , 0 , 3  
1 0 , 0 , 3  
5 , 0 , 6  
25 , 0 , 6  
& 9 )  
30 , 0 , 6 ) 
50 , 0 , 3  
& 4 )  
1 97 1 5 , 0 , 0 ) 
200 1 5 , o ,  7 l 
2 1 1 1 0 , 0 , 6 
2 1 7 5 , 0 , 4  
242 1 0 , 0 , 9  
243 1 0 , 0 , 9  
3 1 4 ! 35 , 1 , 9 )  
328 1 00 , 1 , 1 2 ) 
33 1 20 , 0 , 1 2 ) 
Lami narab i o s e  
: �� �( ::t�j · 1 1 2 35 , 0 ,3  
1 1 5  30 , 0 , 3 
&: 4 )  ; ;: ( ::t�! 
1 39 1 5 , 0 , 3  
1 40 30 , 0 , 3  
1 4 1 1 5 , 0 , 3  
1 44 1 0 , 0 , 6 
1 45 4 5 , 0 , 6  & 9 )  
1 5 7 ( 3 5 , 0 , 6 ) 
1 6 9 ( 1 00 , 0 , 3  
& 4 )  
1 97 ( 20 , 0 , 0 
200 ! 20 , 0 , 7 
2 1 1 1 0 , 0 , 6 
2 1 7 1 5 , 0 ,4  
242 1 0 , 0 , 9 
243 1 0 , 0 , 9  
3 1 4 l 55 , 1 , 9 l 328 20 , 1 , 1 2  
33 1 30 , 0 , 1 2  
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TA BLE 1 6  
THE ELECTRON IMPACT-MASS SPECTRUM FRAGMENTATION IONS 
OF THE PAAN/PAXO DERIVATIVES OF COMPLEX GLYCO SIDES 
Me-bet a-D-
Xylo-&ranee id·e 
1 02 � 25 , 0, 4 � 
1 03 25 , 0 . 7 
1 1 5 (  40, 0 , 3  
&: 4 � 
1 28 ( 1 00 , 0 , 4  
----
1 39 (  1 0 , 0 , 3 ) 
1 45 ( 1 0 , 0 , 9) 
1 57 ( 40 , 0 , 6 ) 
1 70 (  50 , 0 , 6 ) 
259 ( 5 , 0 , 9 )  
Me-bet a-D-
Gluco-&ranoa ide 
1 02 � 95 , 0 ,4 � 
1 03 90 , 0 , 7  
1 09 (  1 5 , 0 , 0� 
1 1 2 � 90 , 0 , 3  
1 1 5 1 00 , 0 , 3  
&: 4 )  
1 3 9 f 1 5 , o , 3 l 
1 40 60 , 0 , 3 
1 4 1 . 60 , 0 , 3  
1 44 5 5 , 0 , 6 
1 4 5  95 ,� · � l 
1 5 7 � 95 , o , 6 
1 69 5 0 , 0 , 3  
1 82 � 1 5 , 0 , 6 l 
200 5 0 , 0 ,  7 
2 1 1 5 , 0 , 6 
----
229(  5 , 0, 6 ) 
24 2 � 1 5 , 0 , 9 � 
243 3 0 , 0 ,  9 
--
25 9 (  5 , 0 , 9 )  
289 � 5 , 0 , 9  � 
3 3 1  1 0 , 0 , 1 2  
Linamarin 
1 02 � 7 0 , 0 , 4 � 
1 03 70 , 0 , 7  
1 09 { 25 ,0 , 0l 
1 1 2 90 , 0 , 3  
1 1 5 1 00 , 0 , 3  
&: 4 )  
1 39
! 
3 5 , 0 , 3 l 
1 40 . 70 , 0 , 3  
1 4 1  45 , 0 , 3  
1 44 6 5 , 0 , 6 
1 45  85 
·� · � l 
1 57 � 95 , 0 , 6  
1 69 3 5 , 0 , 3  
1 80f 20 , 0 , 1 ! 
1 82 1 0 , 0 , 6 
200 3 5 , 0 , 7  
2 1 1 1 0 , 0 , 6 
222 1 0 , 0  ,3  
----
235 ! f 0 , 0 , 3
l 242 1 5 , 0 , 9 243 25 , 0 , 9  
25 3  1 0 , 0 , 4  
259 5 , 0 , 9  
3 3 1 � 1 5 , 0 , 1 2 ) 
342 5 , 0 , 9 ) 
Lotaust ralin 
1 02 � 70 , 0 , 4 � 
1 03 50 , 0 , 7 
1 09 � 3 0 , 0 , 0 ) 
1 1 2  80 , 0 , 3 )  
1 1 5 1 00 , 0 , 3  
&: 4 )  
1 39
! 
35 , 0 , 3 l 
1 40 50 , 0 , 3  
1 4 1 40 , 0 , 3  
1 44 45 , 0 , 6 ) 
1 45 65 ,� ·� l 
1 57 � 85 , 0 , 6 
1 69 45 , 0 , 3  
1 82 { 1 0 , 0 , 6 l 
200 30 , 0 , 7  
2 1 1 5 , 0 , 6 
24 2 ? 1 0 , 0 , 9 � 
243 1 5 , 0 , 9 
---
259 ( 2 , 0 , 9 )  
33 t C  5 , 0 , 1 2 ) 
347 (  2 , 0 , 1 2 ) 
3 56 ( 2 , 0 , 9 )  
Sal i c in 
1 06 1 1 5 . 0 . 0 l 
1 07 1 5 ,  o , o 
1 09 80 , 0 , 0  
1 1 5 ( 1 0 , 0 , 3  
&: 4 ) 
1 35 ? 5 , 0 , 0 � 
1 39 1 0 , 0 , 3  
1 4 5 ( 1 0 , 0 , 6 
& 9 )  
1 69 ( 1 00 , 0 , 3 ) 
2 1 1 ( 5 , 0, 6 ) 
- - - -
229 (  5 ,  0 ,  6 ) 
25 9 ? 27 1 2 , 0 , 9 � 5 , 0 , 9  
3 3  1 ( 25 , 0 , 1 2 ) 
Example : 1 03 ( 1 00a , Ob , 4 c) . The fi rst  value in pare nt hes i s ,  ' a ' is 
t he relat i ve ion intensity .  T he se cond value i n  parenthes i s , ' b ' is 
the mass inc rease for the N- 1 5 d e r i vat ive . The value in parenthesis , 
' c '  is the mass increase for the Ac-d3 d e r i vat ive . 
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sac char id e ( ba s ed upon pr e-d er ivat izat ion weight s ) . T he a bs c i s sa a l s o  ind icat e s  the ar ea 
coun t s  in m i l l ions o f  the Var ian Vista sy s t em which c o r r espond t o  t h e s e  inj ec t ed amount s .  
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F igur e 5 .  The l inear i ty o f  t he GC d et ec tor respon s e  f o r  D -g lu c o s e  and so-r bito l t when var iou s  
amoun t s  o f  sac char id e wer e  add ed t o  an ext r ac t  o f  t h e  p e t a l s  o f  t h e  Hawtho rn e . The d a t a  are 
exp r e s s ed in terms of add ed sac char id e (actua l ly add ed in a kno wn  vo lume o f  a second s o l u t ion , but 
calcula t ed a s  p er c ent -sacchar ide in the p l an t  t is su e )  v s , the inc r ea s ed p er c en t  o f  s ac char id e 
repo r t ed by the compu t ing int egrator , 
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F igu re 6,  The l inear i ty of the GC · d et ec tor r espon s e  f o r D -f ruc to s e  a n d  suc ro s e ,  when var io u s  
kno wn amoun t s  of sac char ide wer e add ed to a n  ex trac t of the p e t a l s  of the Hawt horn e .  The d a t a  a r e  
exp r e s s ed i n  t erms of added s ac char id e ( a c tua l ly add ed i n  a kno wn vo l um e  o f a s econd s o l u t ion , but 
calcu l a t ed as sac char ide p er c en t  in the p l an t  t is su e )  vs , the in c r ea s ed p er c en t  o f sac c har i d e  .-.--
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Paral l el d et erminat ions of t he wet �weight saccha r id e  
p er c en tages for t h e  t i s su e s  of t h e  p e t a l s  of the wild ro s e . 
Each s amp l e  f r om a d if f erent p lant , taken at the s ame t ime , 
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l ines r ef er to s p e c if i c  gro wing areas , the so l id l in e  to t he 
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Figure 9 .  The FlO-detector re sponse for the ga s-liquid chromatogram of the der ivat ive s f rom the 
stem-t i s sue of the dandelion . See Appendix A for chromatographic cond i t ions o  
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F igure 1 0 .  The FID-detector re spon se for the ga s-l iquid c hromatogram of the deriva t ive s f rom t he 
stem-t i s sue of the Canada t histle . See Appendix A f or chroma tographic cond it ion s .  
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Figure 14 . The struc ture s o f  1 -o -me t hyl erythr it o l  (a ) and o f. t he corre spond ing c ompl ex 
g l yc o s ide (b) . None o f  t he stereo -center s o f  a symme t r y  have been c onf irmed . T he per -o ­
a c e t yl a ted der iva t ive s o f  t he a bove struc tur e s  corre spond t o  t he c ompound s iden t if ied i n  
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